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(57) [Siiif)] «^iE*) 

m^i^m ^-®**r-rs#-iK^i»«i 2i. sa 

^^t. 90 Kcal/mol S:«>l-5i^^^ffi<&Wr-5gS{bi^ 




( 2 

I 

)«SJCJ;OJg)5iE$n«.i2g5^t*^*. ^Sag^Stt, Co 10 
'^-XWhcp -^^t. 90 Kcal/mol $*Sx.-5iK-&^a[$: 

[i»*^2i K^s^&^Tii. lox s^©, ^fprnm 20 
8 1 g[«isaB**Ti *^#-r-5. 1 IB 

lgS*«Ul ^ai^aSd^ CrcD^^i, ij>75:<tt) 40 

(ii*«i2] es^isaaitter^d^ vi^sjkjioo au 

nxViS. ii*«12|B«®«E(*. 
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im^mm mLff*}iJ>h^Wi)^. SOKcal/molSr® 
^Si^'&^S^fcOAl, As, Co. Cr. Dy, Gd. La, Lu. 
Ni. Os. Pm, Ru, Re. Sc, Se, Si, Sm. Sn. Ta, Tb, T 
h, Ti, Tm, U, V, W, Yii^UlxCimitmii^TS^ 

i!>^<<i:t>g5iJ-WCCrfe^$-^tr't'ra«<!r, K^'Wa 
m-o-^^h—mzmm^tilt. 90 Kcal/mol S^g^SiK 

±ic-ji56*)cxtr^+->-vJi'^S(ci.to}g^^n, mo 

Ix, *^OK®-|SrtT^>5^A{CiBlSlLfcC-ttl*Wr-5 
90 Kcal/nol S:jS;^SiK^ai«<fcWTSS?fl:i^:fcJ:t^^ 

±lc-ilSW»cxe^4^->v;UticSi::J:0}g*K$n, giCo 



( 3 ) 

3 

[ii*«2o] m^m 1 sd,m.(Dm%is,sim»^^tsz. t 

T, 

mo^^iz^iZ. 90 Kcal/mol *M^-&i^^^fl[*=fi-r 
fcl so-fey U;^>hi^e*. K^lt«t--5Xe<tSr^ 

±ic— )ise<nc:xtr^':^^>'Y;ufi£fiicj;ojefK$n. mo 20 
>h#jstt. ^tLxmnrnz^wsv. jb^-z>mo^-7. 

[0 0 0 1] 

n. *Pb1S. *5j;i;s*?$nfc-fei^'j;«/>h«r-&tr«aEtt 

[0 0 0 2] 

*i(PW50). :;t-A-7'f h(0W), y-fX. iS^U±4^- 
tt. fea«:C!)^fiStte®ff*-*«e.-rct-C*«. PW50 
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h'^i^ (William and Corns lock) »C J; 0 ^y^'^H' Jl^Bt^ie 
m\ZiHf^m^ii<^fa±7.<Dmm6^=e'rMkn Analyt 
ical Model of the Write Process in Digital Magnet i 
c Recording)] , A.I. P. Conf. Proc.Mag. Materials, 19 
71, 5^ p. 738tCie®SnTt'i«>J;5(C. tXT^UvX^L- 

*J J; (switching field distribution: 
" SFD") tX&^o ?V50iWi-r^rztf><DMizm 

[0 0 0 3] :t-/N*-7-1' h(OW)«, mWy'-^CDMiZ 

•5. 4?3l?©;SSSIBS©>i*{t«, J;OiSt«c€:t)^j« 
^AWSLViTd&^P, b*^L/d:*ie>, HctCiJtt-Sy'f 
— iKMtCOWWIg^*^^. SEoT, "^^mz^^^ 

^Y^^vv9i^^xs-m^'iLy)-~Jv9\z^-ox-&m.^tv 

hu) IflCjcO i7 PlK^M5f^(Microma 

gnetic Studies of Thin Metallic Films)], J. Appl. 
Phys.. 1988. 63. No. 8, p. 3248(i:nSr*%?g©##X 
fiRfr-5) tC*5tiT*5^;l/-ft;SnTVi«). ^IrXChen) 

^(Physical Origin of Limits in the Performance of 
Thin-Film Longitudinal Recording Media)], IEEE Tr 
ans. Mag.. 1988._24j^ No. 6. p. 2700(c:n*4:%?qcr)# 

[0 0 0 4] mwkv -<)Vh.m¥^<r>m^j^xci^im. 

«a^©ta«W355^<Ofc«6»C. ?i5ViS»*iJ;y:<£t»SFD 



( 4 

5 

|Sl[^ffiS€r#)Se<JfCiSSfi$1t^ C t tc J; oaj«t--5 d <t 

L. *3J:tXie:l^tLTPW50*5iC«)WS:eS:fi-r^, ii£t> 
[0 0 0 5] TNLD«. PStf-y hrBl<^->>Jt?;i/FBl^^© 

hwgp^j-w;*?8*T^-5, TNLDn. mm^^mt)^m 

JpOS-*. fiPSPWSO. ^^-A'-^'f /-fXt5J;mN 

■5. «3J^K. Hc*S5«&*c:t«C<tO. PW5OS:J;OJ05< 
U. *^t?TNLD$i;Offi;<-r*<l:, A— h»C^j^ 
S*Rlit". ^:Vi3<D«, HcCDJi:*:«;t-— A— ^-r 

50i:i:Om<L. 0k»mv^%. TNLDSrJ:0i£<T-5O 

fiTSn^>TNLD, eS:fi:Sn-50W*5J:WW50*»E«)«) 
ift/'f XW'^JKOJiDOlC.fcO. ««[S$nTVifc. 50 
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[0 0 0 61 seoT. ^^mtz&mm, m*>n6iiy hm 
m^mmt^^^. mmmmm^iammmt. pwso. ow*5 
jiUmiDt:mi&iz-r^z.iiu<, /-rx^Ttf-s 

J:st)(^T*-5. CoPf^— xo-&^oii«:y-f x«. ^ 

^(Dmu^ysmz^rfmc^^iiA^-r^^^TbK &sr\zm 

m-r^J:^\z, z.ti'E>o):^m\t. tXT-'J->x;i'-y^ 
m^(D^m^ismi \zmm^nT<^^i>::<Dj^ofs.:^mo) 

AS. JK^t^/'f Xtt«i;^n-5*t. S*feJ;tA)W»Mil> 
L. 7&>OSFD ttJ«:*:LT. PW50CDlifiPS:lS<. 
[0 0 0 7] A^-HfflowarcD^tCJ^O^aiHFflF^S.Oe 
6.552 ^tC^^Snfc. ^«#:y-f X2:«-r-5fcie)®fe 
■5— ■C>CD:;^fe{c::}3liT«, S?^<&5~30l^^^%(at« <D 

^^)>if\z^^. m.'&m(Di^^^m.7^\^x\^^^. z.n\z 

MiJ>T'5. y\ "7- K (Howard) *ffli»fFS5. 062. 93 
SC^LTVi-S. L*ib^**^. A'7— H^('938){rj;0 

L.^n^XChien) f?® rjK-ttStt^fe-SiO, @{^(Magneti 
c Granular Fe-SiOi Solids)l. J. Appl. Pbys.. 1987, 
61(B) . p.331l43J:rXS.H. Ui— (Liou)^CD r^*e^Jg 

(Granular Metal Films a recordin 
g Media)]. Appl. Phys. Lett.. 1988. 52(8).p.512 \Z 

T. Fe-SiC **«(bT*5 0, *>tKlEBEtt7^' ^PAttT 
€;^L(ciftifi|$n^. li^llOO Oe (DHcM^ J:C/m 6 O 
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[0 0 0 8] mmz, ->5X(Shimizu) ^(D TCoPtCr^ 
^aS{^9l^(CoPtCr Cooposile Magnetic Thin Films)!, 
IEEE Trans. Mag.. im.JB^ No. 5. p. 3102 i^J^Zf^ 

531 035 Al^, l993¥3^23B#tt<OB*BI#fr 
tflSS5-73880 ^t5j;t5*S!|#f|=^5.516.547 ^JcE® 

«5lO^«[%(vol!K)(DSiO.O^A{Cj;-s)Tg2©;Snfc. ± 
0.6 Tfe-S^ltSr^LTli-So tJftsT. SiO, S:^trj«#: 

-r^:i:ttT#!^l>. i^$X^ttK^^'*'ICii85l7-18atX« 
■StC^fh^nfe, fis|A«*«)10iDeniu/ciii'<^ Mrt^^f-SJK 

{*:{coi»Ttt, Hc*i»jfr«fcj6{c. supt^^r^^it:^ 

00 oe eg^©fcr-i^Hc*j^^Lfctcja^-r. cmtsi^* 
<Dmmmsi»mm^zMVT^t. ^m-x^^u\>^m^'c$> 

1993^8^ 6 H#ttOB*H#fl=ffiS^5-l 97944^ 
(A7-\'T(Murayama)^) tr|B«$n/t. OO:^ 
fttt. Hc*li;*c-r-5O<CSi0,^£^JnU. — ;^T/Z:Vi®H 
©N,, 0iI;t«O.l ~10%cDN,OD#ffiT"C;^/t-:/^"J 

*KUT, ®lK*^/-fXt4, PW50*}<tl«)WCDii:*:tV^^ 
«ttoTTMj5rK;^nfc. Si0.fc:H]lT-5<*l5iW®^«. 

if H- (Kudo) OiRS!Nfi^||4. 837, 094^ (T^:;i':7 7X 
^^*«^UTVJS) *Ji(y:5'5'(Tada)^<0*H!^ffm 
4.769.282 # (f&±lg7n5^*^tf&^*S5< UTVi-S) 

[0 0 0 91 fiSi^jitti, Sio. 
mizmm-^ti^if^. msio,iiim^y^)\^A^mii<Dm 

ttjS»C. SiO, tKlK147-f JI/A/S^-iC^^^fcSfcttil 
S^5X^lCiS30vol«i-C<DSiO,) tt. faSHK<t(Ms) t5 

ii;A:*ia^. c:n«;*c€r;iPW50t<S^;5:ow*fcfc^-r. 



y-f X*Ma>-r-5J:ttt;a:l», V— H-^/i/CMurdock) ^ 
r#SCo-^^fiS^i2®«K«:0/'-f X!Rrtt(NoisePr 
operlies of Multi layered Co-Alloy Magnelic Recordi 
ng Media)], IEEE Trans. Mag.. 1990. 26, pp. 2700-27 

^m^m-mi^^M(om^z^r>Tmmz■^^m^tlx\^^ 

stc-^n, ^cD<si^tt-tj-'rxi3j;t;cte«$^H-r-5«i^ 

m±\zm(DTm^m0s.i.. m'rm±iz^v—z><Dm\'m 
^m^m^-r^ciimzjio. n&t^^umm'&fis'm-r 

tsnfziSL^\z^01&T^ti^i!)K SFD «*g:*:L, a^-z):^ 

\z, iST-rs. 

20 [0 0 10] gEESttfii^di 

mnm^izuo . Hc(D:f^mu^T'S:^rze,-rmiz, «-r 
mzmmx&K>, m-^iH-^fs-WimKii^iz. Hmmj.iaj: 
mmmiLm^mm^x. mi'mitm<omit>s:m'Nft^ 

30 '^-7.®iK14^^iKSiO[0002]c,*fcttC-tt (jsai^ks^ 

tt) «, m7'^7.i7<DmizMi^x^ff^rz\t±tvxw- 

ffT&-5 (tiT, r®(^g( in-plane) J E|6]<i:li?at, 
®rt*iJ;tKitbTSrtM«*-&trt)<Di:'r-5) , dti 

tt. m^mxitm^<Dm^u:^mxm^tsti?>o co— & 
^7^;i'Ao®i^c-*ft*#^gt)— crT 
^*ffifflLT. SI^7^:&*«(HCP) Coia^©, «^'iL^a::5 

t&^(BCC) Cr«l[^±T01^^-1Slc^^Xtf:5' + i'-V';i.fiKg 

H^:(002) c,//(1120)c. : (110) c,//(ion)c.: (11 
40 0) c,//(I010)c.*iJ;t^(112) (,//(1010)c.<D— ofci 
•3, CoSCr±TXlf^^>'-\';PJ«:^^^-e--5e:tfC<tO*i 

K.3f:y (Hono). B. '7>(Wong)& 
D.E. 7-7'J>(Laughlin)<DlS3t TCo/Cr -SfiSttWi^ 
(91^ ^^(Crystallography of Co/Cr bi layer magnetic 
thin films)]. J. Appl. Phys.. 1990. 68(9) . p. 4734 

[0 0 11] *fc*ait*tlF^.652,499 mz\t, ^Co- 

^^m^t:i&m-r^fctbiz\t, mrrm^nrf-s^OA 

50 (V) i:^^<fr'<€rcit*<B2«$nTti-5. dtxe:^ 
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■5c ^CrTStClitt$n;fc^Co— KCrT 

^<^±IB^.^CSr/S?8r-5:3jffi«, U-(Lee) mcO fCoCr 
Taia[1±»jKfflONiAITB<NiAl Underlayers for CoCrTa 
Magnetic Thin Films)i . IEEE Trans. Mag.. 1994(11 
m. 30, No. 6, pp. 3951-3. TNiAlTSi^CoCrPti^M 
mmzmi-r. Crfl^raBrof^ffl (Effects of Cr Interne 
diate Layers on CoCrPt Thin Film Media on NiAI Und 
erlayers)!. IEEE Trans. Mag.. 1995(11 H), 31. No. 
6. pp. 2728-30 . *3J;m994^9«29B#tt©, 20 
If Wll^08/31 5. 096#{CS-:J < «5t«l*±?i LTSai $ 

tiftmm<^ffftiimfmf o 704 839. ai ^fc^si^xasg^ 
nx^i-s, B-2 iea^^x^^-v— *wrsT 

T»ViCrtfraH(25 ~50A) B-2 NiAlT^t^Co'^ 

to 0 1 2] U— tff::J;n«, KCo-^— xosStt^^^ 

tiCrB*€efflLit!i«»C:fel.iTtt, ^rS«KB-2 i^A 30 

K»l^CrS±-CXtf^'4^->^;i//s£S-r-5o ^©S 
S«, Co— &^*<(1010)c.fiB[6l*toT. ®I^C-tt** 
f -SCO— &&?£-^^.5t#;iLen<5SfilS-. gENIAlSCD 
(112),,.,i^aElnlJii#^«^:ttc*S, «5CrBtt. m 

iiffl8^*glCJ:n«, esCrSHK (112),,., .h(1010)c.i 

(omcomm (bp-^. KB2atKffiaiai2®*ti^«<i:<DPBio 

tt. e['4'P^^S:»U<»< (25~50A<7)jiSH) VT. ^ 40 

taft«lK:^;feJ;tX:i&}ettJ'*3tt^iiljn*i. (112) 5^^;^ 
u >i'^!last^fcJl^»NiAl^±-c©xt^^':^^->^;^ 

*KSlCJ;0^^nS. KCoKtt7w;PA©(1010)-5^i';^ 
^^-^—JctSfeWt^^eTl^it (±l2UfcU— ^© fCo 
CrTaffi14»|gffl®NiAlT^j &#M©c:t) , CldT. 
»l,»(25 A) OCrlT^BttmicKaia) 

eECof;:e3?Lityb:tt-c*s. U— Cfffras 50 
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KNiAl y ^ ;i/A«B±©j||*l©AHC J:SfeCo©f^5fe 

»<T. (a) Cr©B[Co7^';UAS'v©ltf;SS:*g/MbL, 
)i^^(b) KCo^^JS»IE®e<hMNiAlTBt©ffi©^x 
tr:$'=^->— ©ifi*SrIlljS-r-5'i:'S*^&'5 d t Sai^TUi 

{0 0 13] 'J-^{Cj;0«tS^ (EPO 704 839 Al#flg) 

■5. EPO 704 839 M^^Wct^t, Z.<DWL'h<D^&\t, 
^ V U i'- y 'f X©iBfl«x-^' !£^T^14*5 J;t^l 50*5 
<fc / -f Xoim^y"- 9 ^7htfh\ 6*J J: t^l 70 

mmii.zLii\i.. ^)—m\zii*)m.m^t\.tz.^ 

itt!ie«)*«©7'55^:^- (0ij7L«18at«Ofieffl 
*J iO^iS^ < ^^J-*»«te(1010)5^;7X^-v-{c J; O^fiK 

^ic:5j-gi$nfcco-pt '<-x©7w;i'A«. -^^-t^jc^ 

*MC13atX *«©PI«'fi&fflLfc«-&fC*5I.^TS^. fe7 
WJl'A(l'©iKt^*«li^tC^i-|8^ftlTim«, 3000 Oe $r 

fiafa«?K:'3«, (1010)5^i7X5^-\'-;a:blC. iaT©^> 

5^:Mc^*-r-5!£^Stt:teJ:y:(1010)T-i'X5"-\'— }^^©'i:> 

fflSf^ffi*fe:3CltS:^LTV»S. i©eii. :fe<fct^'J 

[0 0 14] fliltciE-tfcJc^fc, fflittfe^^55-|«t©^*« 

mf-<r>>^m(Dwn-\zi=\-y^immmu\ ) . sttsc^© 

©W©W55TS.<1), 1994^4^ 6 HWtmil©. ^Hlt 
ffHiSII08/223.636#*#8B®e:i:. bd^b^a:**^. 
©W9S»cJ;ti«. 7^;i'7rXTJi&fiefflbT. «fcit 
«$n-5Co'^-X©B8ai3®«©/jNS<, 1^— ^'SrSi^* 

±<*:tbT©fia»«»;fj«, ®/r©61C^©KuJctfc«aJbT 

etTOiCT-^A^n-S tHcocz,.,.,., [2Ku 
(,,...) /Ms], 7'^:Jl'7rXTS«:'bt?KI?-DSf-*3tt'5 
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8Bgis<&fi<t-«.) <!:. m^m^^mi^(Dm^^±y ^ 

■5. 01JA«. V^)VI^<mT{ 1 Gbit/in' (. 155Gbit/ 
ciE')*^x.-5EtS»C^bT'iJ.St^^n-5. 1 memu/cm' jet 

tCtJtiT. PW50. OW*d:mNLDS:«tt{C-r -5):i<i:7S:b 
[0 0 15] 

-5PW50. ^m<Dm^J-<X. TNLD*Jj:m)W«(DffinfcBS 
[0016] 30 

S?a:i|#mT**. *l8?gic J; 100 ASfettA 
S*5j;t;J5 A~50A ii!?)10A<DSFi^ia^ra 

0.2 ^itvi.^t\]£K±.<r>m\zm^mmx.m^^ii 

00 Oe g/h^®Pt^*^lCT^L, -*l^^»ca/h 



10-302242 

12 

^mts mmwi\z\^mn<oii^-a^^<Di^m^i&mm 

ti^. a>«r«, 5S:A^fn;fcTNLD«;<*-XA7&<. ±tL 

[0 0171 l£/-1'X<DfiS^?BS«E<*:*Sajfi-r-5»C«, 
if'P'ih) ^^©fiafP«JK:^«. Co-Pl 

T. fh-&is.m.mii^isi^—fiM=f-fiimmz^-DX%^n 

ij-fsi^^ n;t /jM^ !^¥iKffi«B[^t«i[^^(i 00 A tt^ne^T 
©lag) «^ty. a>«row3^®iK|itt, mi.^mw^<D 

tt. ^^ni&y'(X\ziz'DX'Z-mi3.. i^-is.m.'m.=f-*)- 

[0 0 18] ifeSIMSlt^^tt. :K*^-y--f hfC*5ViTJ^Js£ 

•y--f hra®^f8t®«atauc J:r). ^fia^ia®»»-y--r Xfe 
S«) tci*bT^fTtci2i5]bfcc-tt€rfco. 
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[0 0 19] «EoT. iJfftia^B© rT^(under layer 
s)j t*%g^tCJ;«. riai8|ft$ti;t^*fi)ce(structure 
d nucleation layer)] tSrESiJ-T* ^1 i:«SMTib?>. 
TS«^±fife-y-1' h*#^-5C:<t*<T€r-5d^ BElStt7 

Ksp5-73880 ^*JJ;r^J:ELfc^<D>t*JJiEP0(S'5 X(Shi 
mizu) m) MlXfC^M^5-l 97944 (A^-^Vd^urayama) 

S^iSESlCj; D ^n-5S[^fieSO^*riXA®aS 

E^LTv^iftvi, *5s?3f'J:ntf. mmmm-^tiftm^ 
[0 0 2 01 ^%m<D-mm^z^^f^m.mt^tltcli^± 

tC*5tiT raiKaB(seed layer)j tHjtfn, f^T.^ 
tt. *5SeqiC*iliT r«tiHH(iiiteriBediate layier)j t 40 

fblB (*5J:C;/*fc«BEtt:7-<;i/AS) *^tJftfi©Si» 

g-r-sasnasjucfett-s. loo Ae«o<@«et^$rS!i so 
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jitxwRiSris^-r-Sct'SicfiSflg-r-s. g««^wtc. mm.u 
u. ^'i'we««(i«©*i^j^«s*5j:c/<si[^i^aEi^ (in 

[0 0 2 11 [^^tclUci!B'<;tJ:p»c. K^^^^fi. 

fc. *K LT. Cr(75ig^;^j:«^^SgaiS]*^ il^W^ifiKfi 
« ^ tlfcCo^^ro X t; ^' + -> -V ^UJSKfiffl «)©[*fi£B 

ItttMiSSbJt: (*?J10X «f»i) ISTSg^ttlCS^liTil 

ia?tt:*c#jS^T, SI 00 A*S§<o«iiffl;4Co-&^)e^<D 
L. Sfc^5feCDCrieaEl6l'T-i'X5^-\'-0^:gS:g6&-r 

■5Creoff*{C*5ViT$A. — jKWtClOOA^SSOSICD 

ajffl;ftcr^a^«-*j5ET-5. 100 A*si(Dg©aaa;ia:crSt 
0. *fc«tc*ta$n-5iicp co'^-x^^osi»ic-tt*5 

^:^J•z:^!KJt^:}3'&^^^^(r>\z-\r'if1i.W'^\zii^<^•x. m 
[0 0 2 2] ^aieaS*. Tk B2-^jg. Cr'^-XCD^ 

fC*5ViT«, Kai^SattCr^^KTfeO, K^^ttTC 

ffiffl^n^crt^^^bsn^Tc^tt, CTizM-r^m^ti 

f^mM&=S:h-Z>^^-V$>^. j:<Dj:5;fe'&&(D0iJWCr-C 
u . Cr-Y. Cr-SI . Cr-Pd . Cr-Hf ^T^^. Crt^^ 
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tsBitgt-r-sfcoTfeo. m^Wk^tii^m^<r>ii.rii\z. 
m^fsm±.x^^-tr^mmmiM.m (AMwtc«. co^ 

•5. 

[0 0 2 3] ^B8^l3®eoj^S8*<, ifJ^TL-'bKai^ffi 

w \z j;n t«)?c i^. tti icia i; u 

©IfStti^U i[UT»C|2«-rs<i:-5»C. Ti. Cr-3 

OEfiiS ©X fcf 4^ -> V ;i'^«Sr t -r * raw i: b 
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[0 0 2 4].*:5!^tt, ^^WfflSiaBTi^-^tia^ >&t|#t 

UT, ^tcJta$n-5Co^^xtr^^->-tc:toT«Fs 

J; t^^iffli^^t^^fiJcS ± tcj^fig $ nit fiStte ® 

-)3'^'&m-i~. m^<Di^=f-(Dm^<nmm.^^w)s'&.'S.mz 

tt. Mrt trnTOiSa.^ inemu/cin'*^tMiJ>Lfc«-&JC*3 

[0 0 2 5] :^w^0>m%.%iMmmt.. $^-mit±if*j 

:fi>h<^m.. mz.\iiimU±<DM, as. B, Ce. Co. C 
r. Dy. Gd. Ho. La. Lu. Ni. Os. Pd. Ru, Re. Sc. S 
e. Si. Sm. Sn. Ta. Tb. Th. Ti. Tm. U. V. W. Y 

ri>:iiziz^o, mmmumfs-nz, m--<D 

^m&<Dmmms. (««^«, ii>;a:<i'biA/#*^o2o 

A/f}>*SI) *JJ;t^H:t!^eg<Siaffi (^200 (CTfT5 
©iK-&^ffitCJ:0«3e^fn. ^^SttSOKcal/moIt-T'^ 

iax/x.y^'u>i»'»« m^it, 200 -ctAT) tcist^T 
3 >s:«6fi:-r-5^jg*fc«^jR^^-r*o^. crnet) 



17 

7 ;u A jcga^T# s -fe u ;w > h ©ft «±is*t«. 
ASMirtt. ^»ar'<^-fe^U;*f>h!K»H®fi«. iKio 

[0 0 2 6] ^^it. ftiCX/1y^"J>i^SS«S*.fcI^ffi 

fi<»c-fe;^'jy-->3 >$-&-5feie)»ctt, mmm-^tirz.m 

l2&a©fi)cStt. (a) m^^^(D±i/'JiJ>h<DmA^ 
^BlZlr. (b) (c) fefiS^I2®«rt<D<a 

^wr.flSis^iiiLA^t3(d) Kifes«i(Diarni^iiffi-r-5± 
m<om^mms:hJ:zm^u-7^>7MTizm'i^(omif'S: 

00 Oe £jS^^iiSi)ggfa^GS:^. m.xf\ziS\/^t&fa^mij 

0.8 jci2iiffi*<#?.n^. f^'^mmtmM^imtomo) 

iy4'«)A-;/i^i^^'J'>KH,0 JE<&. iKllXlO ' I — 

Kew^-xjEEtc&sbT. mA-iiteonpskTii-r^^z. 
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tstiftm±^m±izx/^'yf'-mm'r^::t\z^o^x 
^tLT^i^ft^ic^d^^^to. mm^\tm.i^mzi5\,^x 

^±ifO:»>hmmzJ:r:>X. ffiSCl^-fCi^«t$nT 
[0 0 2 8] 

<Dm<o^-^i)^ii^U^(Dmm<r>t:.>ib<r>:}3i^mS\z0i^<D 

mmis.m^izmz^xv\z^^e,n^-t;db^'^> mmz, 

[0 0 2 9] ^UT, £AT-CMI'l¥afl{CittW$n^. a 

ia<k$nfc^±fi)tsi4*. a«i2±»cJtw-rs. lam^k 
-©^-©fccDtt, *?gaastc*5i>Tttttiesa22tii? 

©[^^^14 (fip-6. ^<7>^-^\y-(^r-<&^) Sr^tt-r-S 

^.-y-y u-f Ar-* j^tsr -5 1 ^ B 
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20 



ZrO., SiO,^<D 

K{tt». *fe«TiN . ZrN m<D^im. SfctiTiC , Si 

c m<r>m{tm^(r>. m^mA.\tzQQ ASrwr-ses^t— 
A'-k-f-v-i8. a^xs^^m-vdk^cDmnmmmiQ 

[0 0 3 0] ^^^(D^^(DB^^m^-r^tz.>i>\Z. Co 

jc^ar-s. — ffi»tc*jviT. KcoPt«crt'&^'ft:$n 

dCfil^lCtJtiTtt, fiEi'DA®igflf«*<)15atX * 

1, As, B. Ce, Co. Cr, Dy, Gd, Ho, La, Lu, Ni, 0 
s, Pm, Ru, Re, Sc, Se, Si. Sm, Sn, Ta, Tb, Th, T 

i, Tm. U, V, W, Y^tzmx(r>mm'^tz\t.^\m 

- (;m(SD',,. »C^*LT'>:^< t'bSOKcal/molT^-S 

XOlandbook of Chemistry and Physics), CRCyi'X 
TiJ, 1988-89 {C|2«$nTliS) . £ATcOUi?g*3J:t/H 

ig-r-5Biffifc*jviTtt, sio, m^ma*^-^ r^«j 

;te-feyU;^f>hO— 0U<i:UT€£fflUfc, SiO, tJj;t^-5-® 
it, ±g2©*H#tfaiS^08/286, 653^^#^0 CI i:. 

HfStSHl^TfcS. 40 

[0 0 3 11 A«r)£<^)$a<, mmo)^m^m\is mmmrn 

*^tfS[^*«l^— )&:-t}--rX&'b-&. *^o-fe^U:tf>h<Kl 

•S. mm. a-'irtt. ®[att<a^78&^ Il^;4l^-f 
XT, «fi&!ejK80lCJ:OffiSlCi^-JC»f5l3?nT, Uf- 

f»9*;/ttt-;^C7c5>^^A<Sl[^^ErSl) , «i9A.«lCb/in' (. 1 
SSGb/cm') O. 1^*<DS5?ga^i2effli*»C^*UT«. S:*: 50 



0#/rS-. i^lOAOJ6iBI:i^H80lCJ;OffiSfCl^-»c5^fii 

[0 0 3 2] xtwraic^^^dtfesdttc 

it&^©-y-'fX*5<ttm^raiEf!itci^#*#A. a^ok 
LT, /<x*«i;*^o«sti4ffi*e!cs-rs. ^n^^ 

10 0 3 3] «eoT, KifflKSibsnfciK^fiKWtt, 

tcJK m?Ht, S-y-:rU"f-\'-lC**LTlK)100 ASA 
*0. L*>"bK«t«fi-t»-'l' 
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<Dz.(Diiois.msim^<DW(mt., Bi2ic«sc«)ic:^^n 

T*5 0, EI2{C*SUTiffli^{k$tl>S:K±fi)c«14ttaiKa 
g22*5j;OTra«24*ie:fS:^. mt^^milU^ > K\z 

mmf3.^t\t, u^uam^iiz/is^ < . mm aut 
^,<D!^si«. aiKae22lc«uTfiefflLfc*^^s^©§5Sr-e 

tfd^tf, Ti^CDHCP 7C^, Cr-Cu ^©BCC 

Cr*3j;l5CoCr. ,oPt . ,, 



22 



^jciS»aiKa^22±tcitffi5n^. tfras24«, 

(72iK) CrdOX) Ft (18X) (-fSWJC &7C^OS(l'&tt^Sfc 

«CoCr. , . Pt. , . ) *^trmmi2&»OS»cH-r^t&^S 
[0 0 3 4] 



10 



CrT^i^X^^-V— CoCr. i.Pt 



c-i 



(110) 
(110) 
(200) 
(211) 

(111) 

(221) 
(210) 



(1011) 
(1010) 
(1120) 
(1010) 
(3120) 
(1010) 



o.2**>j;r;:2!ii 

1.7**5J;C^11X 

1.7**5 J; o^gx 
1.7**3 J; o:2!i; 

1.7**3iO:4!i; 
1.7**5<tU:4X 



ffl*^&28° 



[0 0 3 5] ^HCie®UitJ;-5JC. teCoCr. ,oPt . ,, 

iSViXiKJlOX WTT?*?), i«eoTCr±tf«CoCr. ,.Pt 
... ©xfcf^':^^->-vJl'^S«^S{Cfftjn* (— iEMJC 
gECoCrPt^^TffifflL;tCr(DjgS«. JS:ft«ctn: 
tt^efeST-SBWriOX ~15X ©*6HrttCttl*$n. 
■^PtWJSffitt. Ku*5J:tKi^mi:UTHc®Ji;^<Dfc«&lC, 30 
lOX ~18X ©$gHrtlCi«IJ*$n. — ;&TI^^IC3X hSr 

WT, Ptig*!£«/HC-r-5Clt*<MSL.V0 . f^filtC^ 

5^r-tt> Ertc-ttErfiibTVi^. fiU. (lOiDc.iJJ; 
(iio)t,ttK7-<';i'A<Dffl*^e.28'' -rnxiaiPibfcc- 

{Ctt. KdOlOc.T-i'X^i'-Sr. fl&<DSrt:Kc^5^i^X 40 

^24?&Ti*fcJiNiAloai^a^±Jrj^^Ufcli^lC. ± 
t LT« ItC^RUfcCrT^-i'X^^-V— S:*-r-5Cr4»rBlS*i 

©ra®— iiSW3&:J^S8«. 04WSa^^*<ri!>.SClt*< 
T^. :*:0liNiAiai^ffi»7jt^^nT*3O, ^<D±\Z\t 

[0 0 3 6] mmi^ibmmzn^iko^m^mf^ii^w^ so 



fiT-5d^ KCr«1^5, ffix:?^;U^— «— iS«5^^X5^ 
0i|A«l^±C5(llO) . (200) , (211) , (111) 

*j;z/(22i) "cje^sn-sTfe^^. ffi©ei^iT*£s-r 

3o ClC9Ct*^iC«tC0 2tC^Ufc, StC, 

*ttJ#-r^. cio!);:ttt04tc+^j-tc5^;SnTi/iS. 

tt. E4©H24lc*SCl<i:*<T#. SfcKBlCJ;OIBe 
0 4i5J:o:5«. ^fc^ia^sn^cc^-x© 

tt. 04t::^$nfca^t3&Sl6«t'(DKCr«4'Ma©»TF 



( 13 

23 

[0 0 3 7] me it, fe^W-'l'AffitC^SbTSitl^ffi]*^ 

yU^>'h®¥i^Efii«iKJ10AT*-5. g5ai±«l[^<75^ 
©S^r/'f XSr^^HT-S. 0 7«. (ISOAWNiAiaiSa 

m±izm^^nrz) m ACTfpmm±\zmm^nrz. 20 

ttlOO A<D^^::*--A*-3-h-eS.^. Wim^m.W-*lZ 

WtC, 08 tt. 150 A«NiPmAI,0, T«. 

600 AOCrg (Uat-, CinmoO AOCoCr. ,,Pt .,,m 

SiO, ^^-^l/A^iJJimoO A<Dej^:4-— /N*— 13— hSr^l^ 

5) <D0my^ )i^Amm<D, w\m\zi&m-^nrzmmz-D 

tSr^UTUiS, dtlSCDi^SJi, NiPmAl.O, ©7^: 

[0 0 3 8] a><r«. @S;S:t&^«ijSti.J:CX/S;t«iK 40 

>tfiTi. B2«)fi (f!il;^«, NiAl) . Cr-X-&^ (^I^IT, 
Xtt«di®sn/i@^«S^"b07c^. 0iJ;^HCu-Cr ©H 

»<ss*^*w-±iHi-5)a<DCuT?*s) m^, m^mum. 
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S*5i;C^J;0<£t^««jS«*<. <fc 0>c€r;a:Sl[^*-^>tS 

tS ^ nfcH^^S S:#-r -SCr — =b ftf ^ m =b ©Tfe 
ytffitiiaSSrMffl bfcti-&tC«. NiAl^WB2ffi{t^#; 

t), mt^^<D^-it^mwi^m^<D!i^mmzfiz:i<Di. 
mTMmzwm^m0s.-r^\z\tPf+^n.mm&m tc^ 

ttS¥«ffl«3g (B2«jt©¥-ffi) SJ^fiKT-S^t^ffl 
[0 0 3 9] H=S-©a^E®i«^l^*5J;(y:^© 

X*-5. *ggiffl«»::^*tiS«a{cS-::?t»X, 
DfcfcWlCjpAX, aiKS^i5J;t5tpPHie«»i:UXfiE 

©:itTS-5. ffiw^afe. 0iJ^««ta 

i'ofisa4#tt*5j;t;iefin±te*. \iKT\zmmr^. mz 

^HSl^cDT^Jl/AttOtaelva Inc.) tCiOffiiS^tlfc 

A*-y^a:*;^*«^B. ^txji^spc-sso sfigfflbxf^fiK 

cmoaibffl®. □— HD>yi'->;^5^A*fiefflbX. s 
[0 0 4 01 K->:5^v"APi<Dl!J»!<DSa:tfX, 4*tc*3R 



( 14 

25 

mt^m\z. 2 xio 'TorrJEATtcSTTtffe. fe4:3© 

\zm^^n. ■^it^mmi)m^^n^m<r>m'^\z\t.. m lo 

:t-/\*-n- hli. D.C. •7i/^hti>7./^y^*J >ifi: 

y^-mmit. ISmTorr CD7Jl/=f>ffiTTfTofc. 
^:4--A-n-htt, 4inTorr CD7;i/Zf >ffiT-C^aL 

icioita-c€r^) . m9it. 2m<D^u^mmmmz 

rl) LU-7:^>7.mm^mtl(ncT) tSrtfctSLfc^T* 

PmAl.O, ©TS*#b. -e©±tCttCoCr. i,Pt . ,.+8iD 
olXSiO, ©aat2S^*^J^fi£^^nT*iO. -t<D||-®« 

[0 0 4 1] 09 tt. K7^;P77XNiP T^SrfcOJK 

0)^*5 J:t;:*S1*ff^ 4. 652. 499#{C<k tlfci 

NiP T^S:^fflbfcli^C«. ieia«iit*^ ecoSt^® 
l««CDM*&^TJE«fiL, Jl«)J:'5)a:^i^a«lii*<0.8 me 
iiu/cn'*-r«g<WflH±*^*2>. 01O«, 2 fiP 
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■S. Her M Mrt*:/P ,y h — :3^©ii 

^. e[CrTSttl?*200 AT*0. ^z:<D«^(DKCrT 
Sttj|I*600 AT*ofc. HlOtCttl^filfC. 2«0DfiE(!^ 

mziit. ^en-ensoo At5j;y:ioo AoNiAiaisas* 
fiSfflb. f&mm^m±iz\iCT^'mmi)m?f-20Q a^^zs 

600 AT«e[$nTV^-5, ^T®«^{C*5ViT. K«« 
Sr. SfTSOJtaMtCiSa^tCW^ Ra^^lOA) 

•^CoCr. ,,Pt .,,+8iiioUSiO, TSS. #*i-g-{C*3liT. 
JPi^lOO AO^^:t-/N*-3— hS. gSiKtte±JCjgffl 

[0 0 4 2] Sr, 01O«, f§tiCrT8ttfct!«bT. J? 

2ooA;j3j;)y:6oo ATCTm^m^vtim^itVivrzm'^ 

\z. ii^miA\±\zm^200A^J;:-Cfm AxCim^J^ 

]^g$n^Bjfigtt*t^^) . m-ic, mmt. CTt^mm 
<o-FmzmB^miAmi^mm^i*Mr^ t t-ct o . 

«. JKJO.3 memu/cm'etitCT, NiAl/Cr(200 A)/CoCr 
.,,Pt . ,,+8niol«SiC/C tCjJT-SHcr ^TOMrt 
>t*bT, Cr(200A)/CoCr. ,,Pt . , ,+8molXSiO,/C tZMT 
■5«J:0t):*:€rti. dcocttt. J?*600 AwCr^** 
T-5JK<*:C^liTt)IELtn 0 9 tgllOtSrit 

tS^-rst. Her (CtSltSlgTtt, CrS*^fflUfc«^ 
(010) fCtt, Cr«?£-ffifflL;a:li«^ (0 9) J:»3feE 
HISJC, Her «. 0.3 memu/erf gft ©fil^ 
Mrt tC*5ViTS^, 1800 Oe *ilS;3LS||ffl65$eHl*JfC« 

It -5 ?a:x hf ^ -> A- JPfiKfitt t> •PJK^ia® « *5.t 
t^J&f (^fctt^tUT) iirtC-«iEl^I («l«)«f^fi 

[0 0 4 3] 01 1«. Her «aiKS,S®i?*-»Bi»S:^ 

p«yhufc0T&o, NiAiai^as©i^*t. Titti^a 

S<DP*. (fip-fe, 200 At5J:t;600 A) t:it^<Dftt(>lZ 

figfflLfc, mm^fR»mm<D'^^\t. 0 9*3j:tX0io© 

HKTfigfflUfcfcO, fiP^CoCr. ,.Pt . ,,+8molXSiC t 
m—-C$>r). m^m200 A-e&ofc. Mrt ttO.e memu/c 
niMc«-Dfc. 01105^— ^'tt, J:0Jitl/»Cr>4'M8*<, # 

^^nmi^&mcDm^izMvx, j;t)i«v«cr 

^T. 01007^— ar-S. Ti*Jj:r/NiAnc 
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28 



H-rs. Her Mmu&m<Dm^<Dmmt, ^A^n:i^ui^ 
-yi/T.T-h.ifi. 2000 oe ^it.\t.^tv\>x±.<r>m^ma'sm. 

fiS*«. 600 K%X<ryi\ioiim\k\Wt^mM(r>n^\zii 

^iimm'R&m^mo<D\z-\-^. ^y^^^fjioo at* -a 

[0 0 4 4] NiAiaiKSS43iC/TiaJKaS (Xtfi5'=^ 
^fc012{C^Ufc*®l5^-:S'JCj;-3Tt)3iE^?n 

0i2<D5'-^'jcHabT. z-o<Dmfs-^m^^mm. 20 

Jt«{3-a-fc. CoCr.,.Pl . ,,+8mol!KSiO. SS^tBSM*. 

mtmMStm±.\zim^'^ft, f&-\z. 100 a© 
NiAiaiKa«<&, igpss«±ic^a3-&fe. eoo a® 

CrtfW®*, ;*:l.iTKNiAiai^aB±{r:«abfc, ^*CVi 

CoCr. .,PI . ,,+8iDol!KSiO, 
fc. g^ldlOO AOK^^-A*-Zi-h4, MBS^IB® 
miL\Zim^'^tz. »=fC, 100 A®TiaiKa««:. K 

m—<r>ism<r>mm AwNiAiaisastegiLfc. 012 30 

tt, 600 K<DCx^mm±\Z. 100 AWNiAlSiKSigSrisI 
fflUfe<K^*:JC^*-r-5, Hct <DMrt fe^tttt. 600 A®Cr 
t}>raJi±C. 100 A(DTiaiKSS*^fflUfci«fl:frjk*T 

tti^sesfebic, sffi±{cit«j^*£$nfc6oo A<o 
T. immskm^mmvrzmmz'D\,^x(mc\ (Dmm 

200 Oefcnt. NiAiai^SaS:flgfflLfeiK#:CDfflJ:Ot)<S 
ViT, 0.3 menu/cm' Sa!®(SV>Mrt 2300 Oe ^^A. 



[0 0 4 51 ^©figfllfC*3V^T«. CriCut©-^ 

— ^'ttCr-Cu ^^©2-p®fi»JS:*U, -S-©^— ©«3|«5a 
tXCu-g^*^&T* 0 , •€-©m-©Cajtt3atXCu-g-*r-&^-C 

fco Km-©*y-H«. ^ai^as©, ^.^.-^ff^v 

P>:^A-yi'— ffi©t)©T&-5. ^— ©*V— HH. ^ 
*raS«:R.F. h D >X /X>v5'--r-5fcJ?)©fc©T 

Km=©;^y-h*«, KSSttB^R.F.5'-f:t-K 
X/t<;/3'— ■r^>5:«e>©t>©TS.«). X/t-y ^"J 
1 X10-'TorreA±-migLfc. MtCj£-<fcJ;p tc. 
^fbfiEi)-©gH. Crtf-\©SSfi£i}-©g:*c@^»SST 
ftSSASJ;-5tSS?$n-5, c:©*^, Cu©Cr4"v©g 
;*:B^«a!tt, -*fi^)-^^4SS(Binary Alloy Phase Di 
agrams). ASM, 1968, pp. 819-820tCffiB^$nT^i-5J;p 
\Z. *!jlatXT*-5. 

[0 0 4 6] 013©ll®J{Cg§aLT. ^2-p©5^^X^ 
©S-*tt. 5frjP*-200 A©Cr-Cu^^©a*^S(T^ 
IlttCtOiSSJLfc, 600 A©CrS*iiffib 

fc. CoCr. ,,Pt . ,.+5iDolXSiO, ^^^i'SSCo'&^Sr, 
lt«$-&;fc. Vcm.<J^tz.}t>\Z. 200 A©NiAiaiKS»*W 
L, Ke©±IC600 A©CrS*J^fi£;LjtX')'7.i7*iSM 
U, i(^-07-7.V\^t^, 013lC^UfcJ:3C Cr-Cu aiS 

©}g«t*5V>T, /hS^rt iCtJViTS;^. NiAiaiKS 

tt, S:*:H«S«S (««J^«, %iatx) JcOfe^^J^fiSViCu 

ig«**-r-scr-cu aiessw^tuT^effl"! 

a*©aiKaa*«efflUfc, Co^^i:Crt©M©A»JS: 
Xfcr^'^->— tt. 0 9©7'— i'tEI3©7'— ^'iSrtfclJ 

sfiSffl UT#fc«3[tt<a^'PB^©6»^»i!i«, a'*©ais 
a«*t)05^^xi^©fis^'i4ig*rfis«b. ff^-ommmm 

*-i:IETir-5. J:tl^©!B£fl«)Sl^©ig«*£4T©«2 

[0 0 4 7] 
[«2] 













PW50 


OW 


WrtJtr 


TNLD 




(mVpp) 


(mVpp) 


(mVpp) 


«) 


(ns) 


(dB) 


(mm) 


(X) 


1 


0.1312 


0. 6097 


0. 8800 


14.91 


24.45 


29.60 


3.80 


16.26 


2 


0. 2040 


0. 7645 


1.0409 


19. 59 


23.43 


38. 72 


5.41 


10. 36 


3 


0.1961 


0, 7829 


1.0407 


18. 84 


22.22 


36.64 


2.98 


11.98 



29 

0.2039 



0.7677 
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23.06 37.58 5.17 10.46 



7.^ 



mm. 



Her 
(Oe) 



Mrt 
(memu/cDf ) 



1 CoCr. , .Pt . SiO, (6tt NiP(2«/CRPS6/ 2309 0.8 

[80 A/210A/100A] 

2 CoCr. ,,Pt . SiO, (8« Cr/CRPS8/ 2277 1.0 

[480 A/250A/100A] 

3 CoCr. , , Pt . , , + SiO, {%%) NiAl/Cr/CRPS8/^^ 2384 0. 9 

[150A/200A/250A/100A] 

4 CoCr. , , Pt . M + SiO, {%%) NiP(2tt/Cr/CRPS8/ mm 2365 0. 9 

[150 A/200A/250A/100A] 

^}^g=0.87in 
(2.2lcni) 



7200rpni= 

655 96ips 
>^*y5i'=25. 93mhz= 

79.06 kfci 



HF=51.86iQhz= 

158. 118kfci 
MF=25. 93mhz= 

79.06kfci 
0W=51. 86nihz= 

158. 118kfci 

[0 0 4 8] «2titJ£*ft*ri*5ctZ/*^?g('J:01i^^ 

y^^7.i7 1 : Z.(Dy^^ 7.^\t. STNiP ^^y^VfzM 
^CttCJ:t)iSKbfco ^{C, m^miO A(7)CoCr. .,P 

t .,,+6inoixsio, mmmm^s mi? m±\zmm^it 

Si^?FfflS^08/286.653^(C|B«(Z)^retC?¥oT. < > 
09 Oe Td&ofco 

5^^X^ 2 : C:(D5^><Xi7ti. ^TNiP $rpt-,^LfcAl 
i?^im80 AcoCrT^^ttS^tacr^il^JC 
J:OgHMbfco J?^*?)250 AcOCoCr. ,,Pt, , ,+8ino 

tt. U-^<^EP0704839 Al tci Ofigffl ^tl/SifecT) 
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Magnetic Alloy Having a Structured Nucleation Layer and Method for 

Manufacturing Same 



This is a continuation-in-part of U,S. patent application serial no. 
08/286,653, filed August 5, 1994, which is a continuation of U.S. patent 
application serial no. 08/223,636, filed April 6, 1994, and U.S. patent application 
serial no. 08/189,088, filed Jan. 28, 1994, and a continuation-in-part of U.S. 
patent application serial no. 08/733,860, filed October 18, 1996, each of said 
applications being incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates generally to the manufacture of magnetic 
recording media used in rigid disc drives commonly used for computer data 
storage. In particular, the present invention is a magnetic medium, and a method 
for forming such a medium, comprising a seed layer, an intermediate layer, and a 
magnetic alloy recording layer including a selected segregant, deposited in that 
order upon a substrate.' The magnetic alloy recording layer is epitaxially grown 
on the intermediate layer. High squareness and simultaneously low noise and low 
- non linear transition shift are achieved. 
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Recording performance for magnetic disks is commonly determined by 
several basic characteristics, including — half-amplitude pulse width (PW50), 
overwrite (OW), noise, and total non linear distortion (TNLD). A wide PW50 
means that adjacent bits are crowded together, resulting in adjoining bits 
interfering with one another. This interference is termed inter-symbol 
■ interference. Excessive inter-symbol interference limits the linear packing 
density of bits in a given track, hence reducing the packing density in a given 
area, and hence limiting the recording capacity of the magnetic media. Thus, 
narrow PW50 allows for higher recording density. 

One means of reducing (or narrowing) PW50 is to reduce the thickness of 
the magnetic layer of the medium. Another means of reducing PW50 is to 
increase hysteresis loop squareness ("S", including coercivity squareness "S*" and 
remanent coercivity squareness "S*rem"), and narrow the switching field 

distribution ("SFD"), as described by William and Comstock in "An Analytical 
Model of the Write Process in Digital Magnetic Recording," A.I.P. Conf, Proc. 
Mag. Materials 5, p. 738 (1971). Yet another means for reducing the PW50 is to 
increase the coercivity ("He") of the medium. 

Overwrite ("OW") is a measure of the ability of the medium to 
accommodate overwriting of existing data. That is, OW is a measure of what 
remains of a first signal after a second signal (for example of a different 
frequency) has been written over it on the medium. OW is low, or poor when a 
significant amount of the first signal remains. OW is generally affected by the 
coercivity, the squareness, and the SFD of the medium. For future high density 
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recording, higher He media will be preferred. However, gains in He axe 
generally accompanied by losses in OW. Thus, there is a need in the art to 
improve the S"^ and the SFD to obtain improvements in OW. 

Noise performance of a magnetic film is typically defined in terms of read 
jiner and write jitter. Read jitter is primarily determined by the amount of signal 
available from a bit, and the head noise plus electronic noise in the channel. A 
- thicker magnetic film will typically provide reduced read jitter. Write jitter is 
determined by the intrinsic noise of the film. Intrinsic media noise has been 
theoretically modeled by Zhu et al. in "Micromagnetic Studies of Thin Metallic 
Films", J. Appl. Phys., vol. 63, no. 8, p. 3248 (1988), which is incorporated by 
reference herein. Chen et aL describe the source of intrinsic media noise in 
- "Phvsical Origin of Limits in the Performance of Thin-Film Longitudinal 
Recording Media/' IEEE Trans, Mag., vol. 24. no. 6. p. 2700 (1988). which is 
also incorporated by reference herein. 

The primary source of intrinsic noise in thin film media is from 
incergranular exchange coupling, resulting in relatively large magnetic domains, 
In the following description, "magnetic grain" refers to physically discrete 
particles of magnetic material, while "magnetic domain" refers to one or more 
magnetic grains which, due to exchange coupling (magnetic interaction between 
the grains), switch together in the presence of a magnetic field. In general, a 
higher intergranular exchange results in higher S"^ and lower SFD due to the co- 
operative switching of magnetic grains. However, a high exchange interaction 
results in higher intrinsic noise due to formation of large magnetic domains. The 
noise from intergranular exchange coupUng can be reduced by isolating the 
individual grains. This may be accomphshed by physically spacing the grains 
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apart from one another as described by Chen ct al. in the aforementioned 
"Physical Origin of Limits in the Perforaiance of Thin-Fihn Longitudinal 
Recording Media". The amount of separation need be only a few angstroms for 
there to be a significant reduction in intergranular exchange coupling. 

there is another intergranular interaction, called magnetostatic interaction, 
which acts over a much greater distance between particles as compared to the 
- exchange interaction. Reducing the magnetostatic interaction does reduce 

intrinsic media noise slightly. However, the effects of magnetostatic interaction 
actually improve hysteresis loop squareness and narrow the switching field 
distribution (but lo a lesser extent than the exchange interaction), and hence 
improve PW50 and OW. Therefore, magnetostatic interaction is generally 
desirable and hence tolerated. 

TNLD is the result of intersymbol interference between adjacent bits. It is 
the partial erasure of a bit at the transition during writing. TNLD can be 
reduced by increasing the coercivity and reducing the remanent magnetization- 
thickness product ("Mn", where Jvir is the remanent magnetization and t is 
thickness of the magnetic layer) , and is believed to be generally described by the 
micromagnetic theory. Magnetic film composition and deposition processes may 
be used to reduce TNLD. Since TNLD increases as the recorduig density 
increases, it is becoming an increasingly critical parameter as recording density 
increases, and magnetic film compositions and deposition processes must be 
developed to optimize this parameter. 

In order to obtain the best performance from the magnetic media, each of 
the above criteria PW50, overwrite, noise, and TNLD - must be optimized. 
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This is a formidable task, as each of these performance criteria are interrelated. 
For example, obtaining a narrower PW50 and reducing TNLD by increasing He 
will adversely affect overwrite, since increasing He degrades overwrite. A 
thinner medium having a lower Mn yields a narrower PW50, better OW, and 
lower TNLD, however the noise increases because the media signal is reduced. 
Increasing squareness of the hysteresis loop contributes to narrower PW50, better 
OW. and lower TNLD, but may increase noise due to intergranular exchange 
coupling and magnetostatic interaction. (The dominant intrinsic noise in the 
media is the noise arising from intergranular exchange coupling.) Since it is a 
known goal to eliminate intergranular exchange coupling to reduce the major 
intrinsic media noise, the amount that PW50 may be narrowed, OW improved, 
and TNLD lowered has heretofore been limited by the increase in tolerable noise 
" level arising from the magnetostatic interaction of the media. 

Therefore, an optimal thin film magnetic recording medium for high 
density recording applications, i.e., thai can support high bit densities, will 
require low noise without adversely sacrificing PW50, OW and TNLD. One type 
of magnedc medium which has allowed optimizing certain of the above 
performance criteria is based on alloys of cobalt (Co) and platinum (Pt), due to 
the alloys' ability to provide high He and high magnetic moment. 

The media noise of CoPt based alloys can be reduced by a number of 
different approaches, but as described in the following, these methods suffer 
from loss of hysteresis loop squareness (i.e., lower S* and higher SFD), increased 
PW50, decreased OW, increased TNLD, and other disadvantages. One such 
approach described by Chen et al. in the aforementioned "Physical Origin of 
Limits in the Performance of Thin-Film Longitudinal Recording Media" teaches 
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deposition of the magnetic alloy by sputtering in a high argon pressure 
environment. Basically, the application of high argon pressure results in isolated, 
exchange decoupled grains. Although media noise is reduced, and OW are 
decreased, and SFD increased resulting in an increase in PW50. 

In another approach, taught by Howard et al. in U.S. Patent no. 5,066,552, 
in order to decrease the media noise oxygen is introduced into the magnetic film 
in a concentration of 5 to 30 atomic percent (at.%). Howard et al. teach the 
formation of a magnetic layer by vacuum sputtering in an argon atmosphere into 
which oxygen has been introduced. Oxygen is thereby introduced into the 
magnetic layer from the sputtering environment. However, as pointed out by 
Howard et al. in said patent, introducing oxygen decreases both He and 

Howard et al.'s U.S. Patent no. 5,062,938, teaches oxidizing the magnetic 
trains after <n:owth. However, there are a number of additional shortfalls to the 
approaches taught by Howard et al. ('938) First, the additional step of oxidizing 
a sputtered layer after depositing an impurity adds to the manufacturing 
complexity and cost. Second, nothing is taught about controlling the formation of 
the oxides. Third, nothing is taught about controlling grain size and grain 
uniformity. 

Yet another approach is to make granular films having grains of magnetic 
alloys containing Si02- Details about these films have been described by C. L. 
Chien et al. in "Magnetic Granular Fe-Si02 Solids", J. Appl. Phys., 61(B), p. 
3311 (1987), and S. H. Liou et al. in "Granular Metal Films a recording Media", 
Appl. Phys. Lett.. 52(8). p. 512 (1988). Essentially, these researchers were 
depositing Fe-Si02 either by co-spunering or by using composite targets, and the 
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magnetic films were deposited without underlayers. The values for He of around 
1100 Oe and for squeoeness (S) of around 0.6 were obtained These values are 
unacceptably low for high density recording applications. 

Similarly, addition of Si02 has been exploited, as described by Shimizu et 
al. in "CoPtCr Composite Magnetic Thin Films'*, IEEE Trans. Mag., vol. 28, no. 
5, page 3102 (1992). and its companion patent applications: European Patent 
- Application 0 531 035 Al, published March 10, 1993, and Japanese Patent 

Application 5-73880, published March 23. 1993; and issued U.S- patent serial no. 
5,516,547. Specifically, lower media noise and higher in-plane coercivity were 
noted with an introduction of approximately 10% by volume (vol.%) Si02. The 
aforementioned paper of Shimizu et al, indicates that S* of these films were 
- generally around 0.6 . Thus, although media including Si02 showed lower 
media noise and higher He, the squareness obtained was again too low to meet the 
requirements for high density recording. It should also be noted that Shimizu et 
al, required approximately 17-18 at.% of Pt in the alloys. Such high percentage 
of Pt significantly increases the manufacturing cost of such media (although for 
media designed for use with magneto-resistive heads, e.g., having an Mrt of about 
1.0 memu/cm^, a higher platinum content may be required to maintain He), 
Furthermore, it should be noted that Shimizu et al, achieved a peak He of only 
1700 Oe, an unacceptable limit for future high density recording applications. 

Another approach, discussed in Japanese Patent Application 5-197944,. 
published August 6, 1993 (Murayama et al,) is addition of Si02 for increased He 
while sputtering in the presence of a broad range of N2, for example 0.1 to 10%. 

Lower media noise was obtained, but at the cost of decreasing S* as the 
percentage of Si02 increased Thus, lower media noise was obtained at the cost 
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of increasing PW50 and OW. Additional teachings relating to Si02 may be 
found in U.S. patents 4,837,094 to Kudo (teaching an amorphous alloy) and 
4,769,282 to Tada et aL (teaching an alloy including rare earth elements). 

Imponantly, all of these references employing Si02 teach alloying or 
admixing the Si02 with th^ magnetic film constituents, as opposed to depositing 
Si02 and the magnetic film constituents under conditions such that there is co- 
- deposition but only minimal alloying of the Si02 with the magnetic film material. 

There are a number of disadvantages to the alloying or admixing of impurities. 
First, the addition of an impurity material (e.g., up to 30 vol.% Si02 by Shimizu 

et al.) results in a decrease in sararation magnetization (Ms) and hence a decrease 
in Mr. Therefore, these references require that the thickness of the magnetic 
layer be increased to maintain sufficient Mn. This is undesirable because an 
increase in film thickness implies an increase in spacing loss, which results in a 
larger PW50 and worse OW. Second, the sputtering process is made more 
complex and more costly by the requirement that additional materials be 
sputtered. Third, the alloyed or admixed impurity does nothing to increase grain 
isolation to thereby reduce exchange coupling induced noise. 

Murdock et al, in "Noise Properties of Multilayered Co-Alloy Magnetic 
Recording Media", IEEE Trans. Mag., vol. 26, p. 2700-2705 (1990) teach 
deposition of multiple layers of magnetic material, the layers isolated from each 
other by layers of nonmagnetic material to reduce media noise. It is theorized 
that grain size and spacing may be relatively controlled several grains in thickness 
above an under layer. As a film grows thicker, the grains tend to vary in size 
and position. Thus, Murdock et al. teach controlling grain size and spacing by 
deposition of an under layer, forming a thin magnetic layer thereon several 
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grains in thickness, forming on this magnetic layer another under layer, forming 
on that under layer another thin magnetic layer, and so on. Although media noise 
is reduced due to smaller isolated grains, the SFD is increased and the squareness 
is reduced due to a difficulty in matching the He of the individual layers. 

Moreover, the grain size of the thinner magnetic layers may be reduced so 
much that the magnetic grains may become superparamagnetic, resulting in a 
dramatic decrease in He. Manufacturing of such multiJayered films is also very 
difficult and requires additional process chambers over current equipment 
requirements. In addition, special attention is needed to design the manufacturing 
process to minimize oxidation of thinner magnetic layers. Thus, although the 
multi-layer approach does teach a method for reducing media noise, ihe current 
^ processes yield decreased squareness and are difficult and expensive to 
implement. 

In much of the magnetic recording media produced today, the [0002]^^ or 
C-axis (easy axis of magnetization) of the Co-based magnetic alloy crystals are 
parallel or predominantly parallel to the plane of the disk (referred to herein as 
"in-plane" orientation, and intended to cover both in-plane and predominantly in- 
plane orientations). This is accomplished in various ways well known in the art. 
The most common method of achieving in-plane C-axis orientation of a Co-alloy 
film is use of a Cr underlayer to promote grain-to-grain epitaxial growth of the 
hexagonal cross-packed (HCP) Co grains on the body center cubic (BCC) Cr 
grains. It has been shown by K. Hono, B. Wong, and D. E. Laughlin in the 
article "Crystallography of Co/Cr bilayer magnetic thin films". Journal of 
Applied Physics 68 (9) p, 4734 (1990), diat in-plane C-axis orientation may be 
achieved through epitaxial growth of Co on Cr with one of the following lattice 
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plane relations (002)c,//(ll20)c,, (nov,//(loh)c,, (l I0)c.//(l0l0)c;„ and 
(112)c,//(1010)^,. 

Also, in U.S. Patent No. 4.652,499 it is disclosed that to improve the lattice 
matching between the Co-alloy and the Cr underlayer for better epitaxy, the Cr 
underlayer is alloyed with Vanadium (V). According to each of these methods, 
the Cr underlayer must be several hundred angstroms thick to establish the 
proper Cr texture for epitaxial growth of the Co-alloy. However, the 
consequence of forming such a thick Cr or Cr alloy layer is that the grain size of 
the Cr or Cr alloy also grows, to a size of several hundreds or possibly thousands 
of angstroms in diameter. Since the grain size of the Co-alloy deposited on the 
Cr underlayer will match the grain size of the Cr underlayer, the resulting 
epitaxially grown Co-alloy will also have a grain size of several hundreds to 
possibly thousands of angstroms in diameter. In such a case, the high intrinsic 
media noise at the magnetic transitions due to the large grains renders the media 
useless for current and fumre high density recording. 

A method of overcoming the disadvantage of the resulting large Co-alloy 
grains when using a Cr or Cr alloy underlayer has been proposed by Lee et al. in 
"NiAl Underlayers for CoCrTa Magnetic Thin Films", DEEE Trans. Mag., vol. 
30, no. 6, pp, 3951-3 (Nov. 1994), "Effects of Cr Intermediate Layers on CoCrPt 
Thin Film Media on NiAl Underlayers*', IEEE Trans. Mag., vol. 31, no, 6, pp. 
2728-30 (Nov. 1995), and European Patent Application PubUcation EP 0 704 839 
Al, claiming priority from a U.S. Patent Application no. 08/315,096, filed Sept. 
29, 1994. Lee et aL teach controlling grain growth by forming a Co-based 
magnetic alloy layer above an underlayer having a B-2 crystal texture. In one 
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embodiment, an extremely thin Cr intermediate layer (25 to 50A) is deposited 
between a B-2 NiAl underlayer and the Co-based magnetic alloy layer. 

According to Lee et al., the Co-based magnetic alloy layer is grown 
epitaxially on the layers below. In the embodiment in which the extremely ±in 
Cr is employed, the Cr layer is grown epitaxially on the B-2 crystal underlayer, 
and the Co-based magnetic alloy is grown epitaxially on the thin Cr layer. The 
rationale is that the (112)^crystal orientation of the NiAl layer, provides the 
basis for the Co-alloy to assume a (1010)^, orientation, resulting in the Co-alloy 
having an in-plane C-axis. While the Cr layer is necessary for increased 
coercivity and squareness, according lo this prior work the Cr layer cannot 
interrupt the relationship between the (112).^^ and the (10lO)c„ (i.e., the indirect 

" epitaxy between the B2 layer and the magnetic recording material layer). Thus, 
Lee et al. require that the intermediate layer be extremely thin (between 25A and 
50 A) to prevent the Cr from developing its own preferred orientation. 
Relatively high coercivity and squareness (S) are reported. 

Lee et al. observed an increase in coercivity and squareness, believed to be 
due to the (1010) texture of the Co magnetic film, which is derived from epitaxial 
growth on the (112) textured thick NiAl (see the aforementioned "NiAl 
Underlayeis for CoCrTa Magnetic Thin Films", by Lee et aL), with the thin 
(25A) Cr intermediate layer merely transferring the (112) texture to the Co. Lee 
et al. state that a Cr intermediate layer is required to prevent contamination of the 
' Co by the excess Al on the NiAl film surface, and that the Cr intermediate layer 
must be sufficiently thin to (a) minimize diffusion of Cr into the Co film layer, 
and (b) avoid interference with the epitaxy between the Co alloy magnetic 
recording layer and the NLAl underlayer. 
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Despite the high coercivity, high squareness* and fine grain structure taught 
by Lee et al. (see EPO 704 839 Al), the mere addition of the NiAJ underlayer 
provides only a minimal improvement in the media noise performance^ and ±us 
the resulting media is inadequate for current and future high density recording 
applications. With reference to EPO 704 839 Al, this minimal improvement can 
be seen in Figs. 14 and 15 showing carrier noise measurement data, and Figs. 16 
- and 17 showing integrated media noise measurement data. Importandy, it 
appears that the media taught by Lee et al. suffers from high intergranular 
exchange interaction, and there is no teaching by Lee et al. to address this, for 
example by dehberately isolating each individueil grains. 

We believe that the high coercivity taught by Lee ei al. results from the use 
of a relatively large amount of platinum (e.g., 18 atomic per cent), and possibly 
to some degree from the (1010) texture. As will be discussed further below, a 
properly isolated CoPt-based film can achieve a coercivity of over 3,000 Oe, 
even with less than 13 atomic per cent Pt in the alloy, if the grains in the film are 
properly isolated. Indeed, such a high coercivity may be produced with random 
orientation of grains and without a (lOlO) texture. The need by Lee et al. for 
such a high amount of platinum, and the need for producing a (1010) texture, 
together with the extremely high hysteresis loop squareness they obtain, indicate 
that the films taught by Lee et al. have significant intergranular exchange 
interaction between the physical grains. From this, and the lack of any discussion 
of isolation by Lee et al., one can understand why the films taught by Lee et al. 
do not show any significant improvement in media noise. 
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As previously mentioned, the effects of magnetic grain isolation are known 
in the art (Chen, "Physical Origin of Limits in the Performance of Thin-Film 
Longitudinal Recording Media," supra). Magnetic grain isolation has been 
successfully put into practice. See, for example, applicant's prior work described 
in U.S. patent application serial no. 08/223,636. filed April 6, 1994. However, 
according to this work, an amorphous under layer is employed to provide small, 
uniforai grains of the subsequently deposited Co-based magnetic recording layer. 
At the interface between the amorphous underlayer and the crystalline magnetic 
recording layer, the individual crystal grains of the magnetic recording layer are 
polycrystalline. A polyciystalline magnetic grain will have a lower magneto 
crystalline anisotropy constant than a single crystal grain. Since a part of the 
overall coercivity of a film is proportional to the Ku of the individual grains, 
given by 



He oc 



a reduction in Ku of the Co-alloy at the interface with the amorphous underlayer 
results in a reduction in the coercivity of the overall magnetic recording layer. 
As the Mrt of the recording layer is reduced (i.e., as the recording layer gets 
tiunner), driven for example by the aim of increasing linear recording density, 
the ratio of the thickness of the polycrystalline region to the total film thickness 
increases (and if the film is thin enough, the polycrystalline region may be the 
predominant film stmcture), and the coercivity will be drastically reduced. For 
example, as the Mrt of a film drops below 1 memu/cm~, required for storage of 
over 1 Gbit/in". the drop in He accelerates to the point of rendering the film 
useless for future recording density. 
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Currently, there are recognized limits on the ability to obtain high 
coercivity» high squareness, and low media noise for low Mrt film for future 
high density recording without adversely sacrificing PW50, OW and TNLD. 
This problem has lead to compromises in the values of the magnetic performance 
parameters, ease and cost of manufacturing, etc., for longitudinal recording 
media for high recording density. Therefore, there is at present a need in the art 
for a method of producing media with high coercivity, high squareness, and low 
- noise, narrow PW50, good OW, and low T^^LD. 

.SiiTTirnarv of the Invention 

The present invention solves the problems and needs of the art by 
providing a magnetic recording medium, and method for manufacturing same, 
such medium having high coercivity and high hysteresis squareness and optimized 
to provide superior magnetic recording parameters such as PW50, intrinsic 
media noise, TNLD, and OW in high density applications. The method of 
manufacmring such media comprises use of specific alloys in a vacuum deposition 
system, and specific operating conditions and steps which yield such an optimized 
media. 

Control of grain growth and structure is a key aspect of the present 
invention. Media according to the present invention are comprised of a magnetic 
recording layer having fine individual magnetic grains having a diameter of 
100 A or less which are isolated from one another by a solid segregant, and which 
have a controlled, uniform size, and spacing on the order of between 5 A and 50A 
(ideally a mean spacing of about lOA), Importantly, the grains of the magnetic 
recording layer are principally single crystals throughout the thickness of the 
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layer, so as to maximize the magnetocrystalline anisotropy constant of each 
individual grain, and furthermore, the C-axis of the grains are oriented 
predominantly in the plane of the film and are randomly oriented in-plane. 

This media will typically exhibit coercivity squareness and remanent 
cocrcivity squareness approaching 0,8 or better, a switching field distribution 
approaching 0.2 or less, and a coercivity approaching that of the intrinsic 
- coercivity of the individual grains, for example at least 2000 Oe with a minimum 
required Pt content, while simultaneously providing the lowest media jitter noise 
and TNLD, and maximum overwrite for optimum magnetic performance. The 
media is ideally suited for current and fumre high storage density applications, 
such as use with magneto-resistive heads. We have found chat the mechanism of 
^ improved TNLD is the crystals of the magnetic grains having their C-axis 
oriented predominantly in the plane of the magnetic film, and the mechanism of 
improved OW is that each magnetic grain is predominantly a single crystal. 

While it is known that small grains are a necessity to producing low noise 
magnetic recording media, we have also found that if the small grains are of 
predominantly a single crystal (i.e., crystallites) the coercivity is increased for a 
given platinum concentration in a Co-Pt based alloy. The single crystal grains 
provide the highest possible to support high coercivity. 

We have found that to achieve high squareness with media having isolated 
grains, the grains should be uniform in size- and uniformly spaced apart from 
each other for uniform switching characteristics during the magnetization 
reversal process. As an added benefit, the uniform switching characteristics of the 
crains resulting from small size and uniform spacing also provides better OW. 
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Thus, one aspect of the present invention is a film deposition process based 
on coniiolled grain growth through a proper nucleation process to obtain a 
magnetic film layer having uniformly isolated small single crystal magnetic 
grains (100 A or less in diameter) of tight distribution in grain size for high 
density recording. 

The results of our research indicate that use of a proper nucleation layer 
beneath the recording layer is critical to obtaining the unifonn magnetic grain 
size and spacing necessary for high coercivity, high squareness, and low noise. 
The function of this layer is to provide nucleation sites on which individual 
physical magnetic grains will grow. The grain characteristics of the magnetic 
layer, including morphology (defined herein as the size and spacing of the grains) 
and the srain crystal orientations are significantiy dictated by the conditions of 
the surface on which it is grown. 

Since physical grains will form at nucleation sites, controlling the size of 
each nucleation site and die spacing between adjacent nucleation sites will provide 
the facility for controlling the grain growth characteristics of size and spacing of 
the magnetic recording layer, as well as provide large angle grain boundaries. In 
addition, proper control of the size and spacing of the nucleation sites provides a 
method for optiiruzing the segregation of segregant material (discussed below) at 
the grain boundaries in the magnetic recording layer. 

Furthermore, if a crystalline nucleation layer is selected having an 
appropriate lattice match to die subsequentiy deposited magnetic recording layer 
for epitaxial growth of the magnetic layer, a recording layer having near single 
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crystal magnetic grains with their C-axes oriented predominantly parallel to the 
film (or substrate) plane can be obtained. In addition, while the grains* C-axes 
are parallel lo the film plane, they are also randomly oriented within the film 
plane, a condition we refer to as 2-dimensional isotropy. Heretofore, producing 
these grains with sufficiently small size has not been possible. We have 
discovered that the structured nucleation layer of this invention overcomes this 
limitation. 

Accordingly,- it is important to distinguish between the "under layers" of 
the prior art, and a "structured nucleation layer" according to the present 
invention. While an underlayer may be capable of providing nucleation sites, it 
will not create a desired, extremely fine crystalline microstructure of the 
magnetic film. However, a structured nucleation layer as proposed by this 
invention does perform each of these functions. The layers of material such as 
undoped NiP and elemented Cr taught by the prior art will be referred to as 
under layers. The laid open Japanese Patent Application 5-73880, and its EPO 
equivalent discussed above (Shimizu et ai.) and laid open Japanese Patent 
Application 5-197944 (Murayama et al.) each discuss use of an underlayer, but 
fail to suggest or even recognize the importance of the grain growth mechanism 
provided by a structured nucleation layer. In fact, Shimizu et al, generally set 
about to form their magnetic media without use of any type of under layer and 
Murayama et al. focus on the addition of SiOo to the recording layer material but 

fail to recognize the importance of a nucleation layer. 

In accordance with the present invention, the structured nucleation layer 
will typically be comprised of multiple film layers providing epitaxial growth of 
a subsequently deposited magnetic recording layer. The structured nucleation 
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layer controls the morphology and grain orientation of subsequent layers. 
Specifically, the nucleation layer (a) controls grain size and grain spacing, (b) 
grsiin orientation, including providing large angle grain boundaries, and an in- 
plane C-axis of the grains of the subsequent layers, and (c) single crystal magnetic 
recording material grains. The presence of large angle grain boundaries between 
grains allow a segregant to diffuse to the grain boundaries and hence isolate the 
fine magnetic crystal grains. 

The stiucmred nucleation layer according one aspect of the present 
invention comprises two components. The first component is referred to herein 
as a "seed layer", and is deposited onto a disk substrate. The seed layer provides a 
template for subsequent grain growth. The second component of the structured 
nucleation layer is referred to herein as an "intermediate layer", and is deposited 
directly onto the seed layer. In one embodiment, a single intermediate layer 
provides a surface on which the naagnetic recording layer may be epitaxially 
grown to control crystal morphology and orientation for obtaining fine uniform 
grain size and 2-dimensional isotropic media. Other embodiments comprising 
multiple seed and/or intermediate layers (and/or magnetic film layers) may also 
be employed. 

As stated, the role of the seed layer is to provide a template for subsequent 
grain growth. It must be capable of producing grain widths of no more than 
lOOA in the subsequently grown intemiediate layer, as well as in a magnetic 
recording layer grown on the intermediate layer. That is, grain size of the 
magnetic recording layer must be initiated by providing discrete, small 
crystalline seed layer grains. TTiese seed layer grains serve to establish the size 
and spacing of the crystalline grains of the intermediate layer. Ultimately, the 
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maanetic recording layer grains grow epitaxially on the intermediate layer 
grains, the later providing control of grain morphology and grain crystal 
orientation (i.e., 2-dimensional isotropy). 

As also stated, the intermediate layer provides a surface on which the 
magnetic recording layer may be epitaxially grown. We have found that sputtered 
Cr or a sputtered Gr alloy is a suitable material for the intermediate layer. Thus, 
the proper lattice plane orientation of Cr must be established through a selective 
growth process in order to provide the nucleation sites for epitaxial growth of the 
magnetic recording layer, e.g., a sputtered Co alloy. Therefore, the intermediate 
layer material is selected based on its crystal structure and relatively close (within 
about 10%) lattice match for cenain lattice planes to the selected magnetic 
recording layer material. 

The thickness of the intermediate layer required for estabhshing this 
preferred arain orientation texture is generally over around 80A and less than 
around 1000 A, depending on the base pressure of the sputtering system. 
However, according to the prior art this presents a difficulty. If the prior art Cr 
layer is too thick, for example over 200A, the Cr grains become too large to 
support growth of fine Co- alloy grains of less than 100 A in diameter. 

To overcome this difficulty, the present invention proposes using the seed 
layer to control the Cr grain size and also assist in establishing the desired Cr 
crystal orientation texture. A suitable seed layer for the Cr intermediate layer 
can be selected from metals such as Ti, a B2 structure such as NiAl intermetallic 
compound, or Cr alloyed with element of limited solid solubility to the Cr, etc. 
Such a seed layer generally produces fine Cr grains of less than 100 A in 
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diameter, even at a Cr layer thickness of over several hundred angstrom. It is the 
very small grain sizes of the seed layer that results in production of fine Cr 
grains of less than 100 A in diameter, and the random orientation of the seed layer 
crystallites thai result in large angle grain boundaries between the Cr grains at 
thicknesses sufficient to result in an in-plane C-axis and 2-dimensional isotropy of 
the subsequently deposited hep Co based alloy. 

It will be appreciated that the seed layer may be formed of Ti, B2 
structures, Cr-based alloys, or other materials, provided the seed layer grains are 
of sufficiently small diameter to permit the growth of small Cr intermediate layer 
grains. In one embodiment, the seed layer is a Cr alloy, inherently having a good 
lattice match to the intermediate layer of Cr. However, as will be explained, the 
element(s) alloyed with Cr used for seed layer should have limited solubility in 
Cr. Examples of such alloys are Cr-Cu, Cr-Y, Cr-Si, Cr-Pd, Cr-Hf. etc. The 
amount of the element(s) alloyed with Cr should be at most only a few atomic 
percent (e.g., up to 10 at.%) over the maximum solid solubility in the Cr matrix, 
so that the alloyed element can fully migrate to the Cr grain boundaries to form 
fine grains. Alternatively, Cr may be alloyed with more than one element with 
the same limitations to achieve segregation of the more than one elements at the 
Cr grain boundaries. 

In fact, in general, when Cr is used as the seed layer, an alloy having 
limited solid solubility is needed because it will tend to form smaller grains for 
nucleation sites than pure elemental films. Thus, properly selected alloys will 
better facilitate extremely fine grains in the seed layer and hence the intermediate 
layer. But, with proper deposition techniques and selection of materials, certain 
elemental materials such as Ti may also provide suitably fine grains in the film 
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deposition process since Ti is very reactive to tiie residual gas in tiie vacuum 
sputtering system and impurities in the sputtering target(s). Regardless, the 
material selected for the seed layer must have a crystal structure capable of 
allowing the subsequently deposited intermediate layer to assume or develop a 
crystallographic morphology such that the magnetic recording layer (typically a 
Co-based alloy) grown on the intermediate layer grows epitaxially with a similar 
grain morphology. 

This is not to say that the morphology of the magnetic recording layer is 
determined by that of the seed layer. In fact in general according to the present 
invention it is noL While the work of Lee et al, previously discussed does have 
such a requirement in order to provide in-plane orientation of the magnetic 
" recording layer, there is no such limitation according to the present invention 
(for example, as supported by data for Ti, Cr-3%Cu. and Cr-5% Cu seed layers 
described below). 

The randomly oriented seed layer allows the subsequently deposited 
intermediate layer to grow and take on its own morphology, starting with the size 
and location of the nucleation sites from the seed layer. The resulting 
intermediate layer will establish certain preferred orientations, facilitating 
subsequent epitaxial growth of magnetic grains having in-plane C-axes.Indeed, 
the magnetic grains grow with random in-plane orientations, resulting in large 
angle grain boundaries. This greatly enhances the diffusion of segregant material 
to the magnetic grain boundaries, providing suppression of exchange interaction 
between grains and hence reduced noise. 
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The intennediate layer is preferably elemental Cr, due to its close lattice 
match of several crystallographic planes to certain of the lattice planes of the Co- 
based magnetic recording layer However, other intermediate layer elements or 
alloys may work equally well as an intermediate layer allowing epitaxial growth 
of a Co-based recording layer. In fact, the magnetic recording layer may be 
other than a Co-based alloy, and so have a different lattice constant. In such a 
case, other intermediate layers for appropriate lattice matching may be employed. 
Thus, the present invention should not be read to be limited to a Cr intermediate 
layer (or limited to a Co-based magnetic recording layer). 

This invention provides the desired fine, uniform grains while still 
allowing the Cr intermediate layer lo form sufficiently thick to develop its 
preferred orientations for subsequently deposited Co-alloy epitaxy. In fact, as 
compared to the prior art employing a Cr underlayer, smaller grains are 
achieved even at comparatively large Cr layer thicknesses. Funhermore, as 
compared to the prior art which relies on use of a thick NiAl underlayer to 
obtain a Co-alloy having its C-axis parallel to the plane of the substrate (e.g., Lee 
et al.)» the grains of the media taught by this invention are smaller due to the use 
of a seed layer, and an in-plane C-axis is obtained tfu:ough matching planes of the 
magnetic recording layer with the preferred textures of the intermediate layer. 

Importantly, this invention provides a homogenous crystallographic 
morphology throughout the magnetic recording layer. That is, with a stmctured 
nucleation layer lattice-matched to a magnetic recording layer, the magnetic 
recording layer grains form more perfect single crystals at the interface of the 
magnetic recording layer and the intermediate layer. Hence, each grain of the 
magnetic recording layer will be nearly a single crystal. This is to* be contrasted 
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with a polycrystallinc grain of a magnetic layer formed on an amorphous 
undcrlaycr, a non-lattice matched under layer, and a non structured nucleation 
layer. Consequently, the magnetocrystalline anisotropy constant of the magnetic 
recording layer material approaches that of the intrinsic magnetocrystalline 
anisotropy constant of the individual grains. And thus, the coercivity of the 
magnetic recording layer material is increased, even when Mrt is decreased to 
e.g. less than 0.6 memu/cm'. In addition, the more perfect resultant lattice 
structure of the magnetic recording layer allows a more uniform magnetization 
switching, which we believe is responsible for our discovery of an increase in 
overwrite. 

The magnetic recording medium of the present invention is manufactured 
by depositing a nonmagnetic segregant material, such as an oxide or nitride of 
one or more of Al, As, B, Ce, Co, Cr, Dy, Gd, Ho, La, Lu, Ni, Os, Pm, Ru, Re, 
Sc, Se/Si, Sm, Sn, Ta, Tb, Th, Ti, Tm, V, W, Y, or Zr, together with the 
magnetic material In a single deposition step, without post deposition treatment, 
the segregant material must uniformly diffuse to the grain boundaries even at 
ambient substrate temperature to provide sufficient isolation between grains 
without adversely affecting the intrinsic magnetic properties such as 
magnetization and coercivity. This must occur under moderate deposition rates 
(e.g., at least 1 A/sec. but less than 20 A/sec.) and at a relatively low temperature 
(< 200 "^C). In order to accomplish this, the segregant material selected is 
insoluble in the magnetic alloy, and is thermodynamically stable. The stability of 
the segregant material is determined by its bond strength, which should be at least 
90 Kcal/moL In other embodiments, the segregant may be a metal or metal aUoy 
which has a good diffusion rate in a low temperature sputtering environment 
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(e.g., below 200° C) to establish a good grain boundary segregation cnn also be 
used. 

While the concentration of the segregant material in the deposited media 
must be sufficient to completely separate each individual magnetic grain at the 
grain boundaries (thereby minimizing media noise from intergranular exchange 
coupling), there is an upper limit to the amount of segregant which can be 
incorporated in the magnetic film. This upper limit is a function of the decrease 
in coercivity, a decrease in saturation magnetization, and/or squareness caused by 
the addition of segregant material. Typically, a target coercivity and/or 
squareness will be identified, and the amount of segregant will be selected such 
that the coercivity and/or squareness are maintained at or above their target 
values. Typically, the amount of segregant material added will be at about or 
below 10 molar percent (mol.%). The effects of the introduction of the segregant 
may be greatly enhanced by employing the aforementioned strucuired nucleation 
layer under the magnetic layer. 

We have found that in order for the segregant to be effectively segregated 
at the grain boundaries in a dry sputtering environment and low argon pressure, 
the deposited magnetic film must be provided with large grain angle boundaries 
at an initial stage of grain growth. Selection of the proper structured nucleation 
layer provides the requisite large grain boundaries, while simultaneously 
providing uniform grain size and grain spacing. Therefore, growth of the 
magnetic recording layer on an appropriate stmctured nucleation layer is critical 
to (a) facilitate the introduction of segregant at the grain boundaries, (b) control 
the grain size, (c) control the grain spacing in the magnetic recording layer, and 
(d) control the orientation of the crystal grains. 
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Addition of the segregant material has a minimal impact on the magnetic 
layer's saturation magnetization Ms and magnetic remanence Mr. High remanent 
squareness is achieved, and hence there, is minimal impact on the overall thickness 
of the magnetic layer. Importantly, exchange coupling induced noise can be 
completely suppressed by the introduction of the segregant material and other 
steps of the present invention. Simultaneously, a high coercivity, for example 
2000 Oe or greater, and high coercivity squareness and remanent coercivity 
squareness, for example approaching 0.8 or more each, are obtained. 

We have also discovered that in order to achieve good epitaxy between the 
intermediate layer and the magnetic layer, the background H^O pressure during 
sputtering must be less than about 1x10*^ Torr, and other residual gas pressures 
- must also be low. Furthermore, we have found that in order to achieve a good 
epitaxy between the intermediate layer and magnetic layer, contamination on the 
surface of the deposited intermediate layer must be minimized before the 
magnetic layer is deposited To prevent such contamination, we have discovered 
that the magnetic layer must be deposited as soon as possible after the 
intermediate layer is deposited, and it is preferable that the time between 
finishing deposition of the intermediate layer and deposition of the subsequent 
layer is e.g. 60 seconds or less depending on the base pressure of the spunering 
system. 

Therefore, a greatiy improved media best suited for high density recording 
applications is provided by sputtering a magnetic recording layer containing a 
segregant material onto an appropriately selected multilayer crystalline strucmred 
nucleation layer. The resuldng magnetic layer exhibits predominahtiy single 
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crystallite grains of small and uniform size which are uniformly spaced apan 
from one another by the segregant material at the grain boundaries, and have 
their C-axis predominantly parallel lo, and randomly oriented in, the plane of the 
substrate. The method of the present invention provides control over the resulting 
media's recording performance characteristics, and adds little additional 
complexity or cost to an existing sputtering process. 

Brief Description of the Drawing s 

The present invention will be described in greater detail below, including 
specific examples thereof, with regard to the figures, in which: 

Fig. 1 is a cross section of a rigid thin-film magnetic disk constructed in 
accordance with the present invenuon. 

Fig. 2 is an illustration of the cross section of a rigid magnetic recording 
medium according to one embodiment of the present invention. 

Fig. 3 is a plan-view illustration of a section of the magnetic recording 
layer according to the present invention. 

Figs. 4 and 5 are micrograph cross-sections of media according to the 
present invention, showing the epitaxial relationship between the Cr intermediate 
layer grains and the Co-Pt alloy magnetic recording layer grains. 

Figs. 6 are TEM images of a Co-Pt alloy magnetic recording layer 
according to the present invention taken normal to the film plane. 
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Rg, 7 is a high resolution SEM micrograph image of the fracture cross 
sectional surface of a multilayer disk structure of a 150A NiAl seed layer, a 600A 
Cr intermediate layer, and a 200A CoGr ,2Pt |2 + 8 moL% SiO, magnetic 
recording layer with a lOOA carbon overcoat according to the present invention. 

Fig. 8 is a high resolution SEM image taken on a fracture surface similar 
to that of Fig. 7, except that the disk is a multilayer structure of 150A NiP + 
2%AU03 underlayer followed by a 600A Cr layer, which in turn is followed by a 
200A CoCr i^Pt 12 + 6 mol.% SiO^ film layer and lOOA carbon overcoat 

Fig. 9 is a graph comparing the Mrt versus Her for two different 
recording media: the first having a I50A thick underlayer of amorphous 
^ NiP -r 2% AUOj on which a CoCr i^Pt + 8 mol.% SiO, magnetic recording 
layer is formed, the second having a 600 A thick crystalline Cr underlayer 
on which the same magnetic recording layer is formed. 

Fig. 10 is a plot of Her versus Mrt for two media^ the first having a 
the Cr underlayer 200A thick, the second having a Cr underlayer 600A 
thick both with and without a NiAl seed layer. 

Fig. 11 is a plot of Her versus seed layer thickness, comparing the 
results for a seed layer of NiAl and a seed layer of Ti. 

Fig. 12 is a plot of Her versus Mrt for three media, the first with a 
600A thick Cr layer directly on the substrate, the second for a structured 
nucleation layer consisting of a lOOA thick NiAl seed layer and a 600A 
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thick Cr intermediate layer, and third for a structured nucleation layer 
consisting of a lOOA thick Ti seed layer and a 600 A thick Cr intermediate 
layer. 

Fig. 13 is a plot of Her versus Mrt for media having a Cr underlayer 
deposited directly on a substrate, having a NiAl and Cr structured 
nucleation layer, and two media having a Cr-Cu and Cr structured 
nucleation, in one case Cr-3%Cu, and the other case Cr-5%Cu. 

Figs. 14a, 14b, 15a. 15b, 16a, and 16b show TEM cross sections, 
under identical magnification, of disks 2, 3, and 4 of Table II, respectively. 

Fig. 17 is a plot of Normalized Integrated Media Noise Poser versus 
Linear Recording Density for several media of the prior art and the present 
invention. 

Fig. 18 is a plot of Non-Linear Distortion versus Linear Recording 
Density for several media of the prior art and the present invention. 

Fig. 19 is an illustration of a disk drive incorporating a magnetic 
recording medium according to the present invention. 

As between each of these figures, like reference numerals shall denote like 
elements. 
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Fig. 1 is a cross section (not to scale) of a typical rigid thin-film magnetic 
disk 10 constructed in accordance with the present invention. A general 
description of the complete disk 10 will be presented below, followed by a 
detailed description of certain of the layers thereof and the methods and 
conditions for their deposition. Finally, a detailed description of several 
examples will be presented to highlight various of the important aspects of the 
present invention. 

Disk 10 consists of an aluminum alloy substrate 12. Substrate 12 may be 
an aluminum blank onto which a plated layer (not shown), typically of NiP, is 
" formed by electroless plating or other methods well known in the art. 

Alternatively, substrate 12 may be glass, ceramic, glass-ceramic, carbon-based 
materials, silicon, titanium, stainless steel, or other appropriate material selected 
for reasons beyond the scope of this invention. Imponantly, however, the 
uppermost surface of substrate 12 (from the perspective of Fig. 1) is.^ smooth and 
well cleaned. Optionally, the surface may be textured to improve the CSS 
performance of the resulting magnetic storage medium, as well known in the art. 

A structured nucleation layer 14, described in further detail below, is then 
deposited onto substrate 12. Structured nucleation layer 14 may comprise two or 
more sublayers, as shown in Fig. 2. In the case of two sublayers, the first such 
strucmred nucleation sublayer is refeaed to herein as the seed layer 22, and the 
second such nucleation sublayer is refenred to herein as the intermediate layer 24. 
Sputtering is the preferred method of depositing structured nucleation layer 14 
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(i.e., each of its sublayers), although other methods of deposition may accomplish 
the desired goal of formation of one or more of these sublayers. 

Returning to Fig. 1, a magnetic recording layer 16 comprising a magnetic 
alloy and an insoluble "stable" segregant material, described in further detail 
below, is then deposited on structured nucleation layer 14. Again, sputtering is a 
preferred method for deposition of this layer, although other techniques are 
available to accomplish the goal of deposition of this layer. 

A protective over layer 18 of a type known in the art, e.g., of carbon 
doped with nitrogen, hydrogen or both or oxides such as Zr02» Si02, etc, or 
nitrides such as TiN, ZrN, etc., or carbides such as TiC, SiC, etc., of a thickness 
for example less than 300A, and a lubricant layer 20 of a type known in the an, 
are applied over magnetic recording layer 16. Details of the protective over 
layer 1 8 and lubricant layer 20 are beyond the scope of the present invention, and 
therefore are not discussed in detail herein. 

In order to achieve the specific goals of the present invention, a CoPt-based 
magnetic alloy is deposited together with an insoluble segregant material. In one 
embodiment, the CoPt is alloyed with Cr. In this embodiment, the chrome 
concentration is up to about 15 at.%, and the cobalt concentration is greater than 
about 75 at.%. 

As has been described, a primary source of media noise is intergranular 
exchange coupling. As discussed by Chen et al. in the aforementioned "Physical 
Origin of Limits in the Performance of Thin-FUm Longitudinal Recording 
Media," one method of reducing coupling noise is to isolate the grains of the 
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recording layer from one another. This is the role of the insoluble segregant 
material. Various materials, such as oxides and nitrides of Al, As, B, Ce, Co, Cr, 
Dy, Gd, Ho, La, Lu, Ni, Os, Pm, Ru, Re. So, Se, Si, Sm, Sn, Ta, Tb, Th, Ti, Tm, 
U, V, W, Y, and Zr axe effective for grain isolation. The selection criteria for 
the segregant material* is that firsdy, it should be relatively insoluble in the 
magnetic alloy such that it segregates to the grain boundaries, and secondly, it 
should be stable as determined by the binding energy of the compound which 
should be greater than at least 90 Kcal/mol. for D*'^^ (as described in the 
Handbook of Chemistry and Physics, 69th ed., CRC Press, 1988-89). It should be 
noted that in the following description and associated figures, SiO^ is used as an 
example of the insoluble "stable" segregant. For a more detailed discussion of 
SiO-» and other related segregant materials, see the aforementioned U.S. patent 
" application serial number 08/286,653. However, one or more of many such 
insoluble "stable" segregants are within the contemplation of the present 
invention. 

As previously stated, optimal recording performance may be gbtained 
when the grains comprising the recording layer are uniform is size and 
uniformly spaced apart by segregant material. In fact, we have found that it is 
extremely important that each of the magnetic grains 78 should be a single 
crystallite of nearly identical size, uniformly isolated from one another by 
insulating material 80 to break intergranular exchange. A section of a magnetic 
recording layer with this arrangement is illustrated in plan view in Fig. 4 (the in- 
plane or 2-dimensional random grain orientations illustrated by the parallel lines 
within the each grain boundary). For fumre high density recording applications, 
for example 1 Gb/in^, the maximum allowable write jitter is expected to be on 
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the order of 4 nm or less. We believe that grain size of media for such 
applications will be as small as 100 A or smaller. 

Thus, we have discovered that in. order to achieve performance targets for 
such media, the individual grains 78 must be uniformly isolated by about 10 A of 
insulating material 80 to completely eliminate the exchange interaction yet 
support the highest write density. Media having such a recording layer will 
exhibit the highest possible squareness while maintaining the lowest possible 
media noise, as required for future high recording density applications. 

It should be noted that there is a tradeoff between squareness and noise. 
An extremely square media is obtainable by disregarding intergranular exchange 
coupling, and providing closely packed fine grains without segregant. However, 
this will severely affect the usefulness of the media, and is not commercially 
practical given the current and anticipated future expectations for magnetic 
recording media performance parameters. At the other extreme, intergranular 
exchange coupling can be completely eliminated by highly isolating the particles 
with spacing of several lO's of angstroms of insulating material 80. However, in 
that case, the excessive non magnetic insulating material will dilute the magnetic 
layer too much and hence reduce the volume magnetization of the film as well as 
reduce the squareness of the film due to excessive reduction of magnetostatic 
interaction between grains. Thus, a balance is needed between high squareness, 
highest volume magnetization and lowest noise performance obtainable by grain 
segregation in determining the amount of isolation, and hence quantity of the 
segregant. used in the magnetic alloy formation. The general mle is to select a 
sufficient amount of segregant to completely isolate the grains from each other 
but not so much as to cause degradation of magnetic performance of the film. In 
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principle, a separation of about lOA between the grains by the non-magnetic 
segregant is sufficient to cause suppression of exchange interaction. 

We have discovered that one requirement for obtaining a superior 
recording layer is that the recording layer be formed on a proper structured 
nucleation layer. A structured nucleation layer affects the size and spacing of the 
magnetic grains formed thereupon, and facilitates the uniform distribution of the 
segregant between the grains to provide the necessary isolation to minimize or 
prevent intergranular exchange coupling for reduced noise and improved 
magnetic performance. To accomplish this, the structured nucleation layer 
should have a topology of discrete nucleation sites to which individual grains will 
adhere. 

Therefore, the strucmred nucleation layer should be sufficiently thick (for 
example, about lOOA or thicker for each sublayer) to uniformly and completely 
cover the substrate surface to eliminate the effects of the underlying substrate 
surface texture and establish a new crystal morphology for subsequent crystal 
growth; yet, it should not be so thick as to cause the degradation of the desired 
orain size, distribution, and uniform separation provided by the nucleation sites, 
A cross section of such a microstmcture of a magnetic disk according to one 
embodiment of the present invention is schematically shown in Fig. 2, in which 
structured nucleation layer 14 consists of seed layer 22 and intermediate layer 24. 
Seed layer 22 consists of randomly oriented discrete grains 74, which serve as a 
template for Cr grains 76 to nucleate and grow. 

Importantly, grains 74 are very small, e,g. much smaller than 100 A in 
diameter (as viewed perpendicular to the plane of the substrate), arid are 
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contiguous. Also, each grain's crystal orientation is randomly oriented relative to 
one another, so that there are large angle grain boundaries between adjacent 
grains. These features are a function of the material used for seed layer 22. For 
example, it has been found that HCP elements such as Ti, BCC alloys such as Cr- 
Cu, and B2 phase NiAl produce these features under the proper vacuum 
sputtering deposition conditions, 

Intemiediate layer 24 is subsequently deposited directly onto seed layer 22. 
Intermediate layer 24 is typically Cr or a Cr-alloy, which has a reasonably good 
lattice match to a Co-Pt based alloy used for the magnetic recording layer. Table 
I shows the lattice mismatch for the planes of a Cr intermediate layer and a 
magnetic recording layer comprising Co(72%)Cr(10%)Pt(18%) (in general, the 
percentaees of each element shall be denoted herein as a decimal place subscript, 
and the percentage of an element with no subscript shall constitute the balance of 
the alloy, e.g. CoCr loPt.tg). 
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Table I 



As shown in Table I, the lattice mismatch between the CoCr ,oPt ,3 alloy and 
the Cr underiayer is about 10% or less in both lattice plane directions, and hence 
epitaxial growth of the CoCr ,oPt ,g on Cr can be easily established. (Generally 
speaking, the Cr concentration used in die CoCrPt alloy is maintain between 10% 
and 15% for improving corrosion resistance, and the Pt concentration is 
maintained between 10% and 18% for increased and hence He, while it is at 
the same time desirable to minimize the concentration of Pt to reduce cost and 
increase the intrinsic saturation moment, Ms, of the alloy.) As also shown in 
Table I, the resultant texture of the Co-alloy has in-plane C-axis orientation 
except for (10Tl)ci,on (llO)c^ which has its C-axis oriented 28 degrees out of the 
plane of the film. To enhance the large crystallographic grain angles between the 
grains, the film should have many different Co-alloy textures mixed in the film. 
Ideally, the (lOlDo, texmre should be present together with other in plane texmre 
<Trains to enhance large angle grain boundaries between the grains. 
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According to one embodiment of the present invention, we have found that 
a Cr iniennediate layer having predominantly the Cr textures shown in Table I 
results when forming intermediate layer 24 on a seed layer of Ti or NiAl. The 
common morphology between the Cr grains and the Co-alloy grains can be seen 
in the micrograph of Fig. 4, showing a NiAl seed layer having a Cr intermediate 
layer formed thereon, and a Co-based alloy layer formed on the Cr intermediate 
layer. 

While multiple crystal orientations are present in the seed layer, and while 
the Cr grains will nucleate and grow on the seed layer grains, the Cr will prefer 
to form in a series of textures having a low energy, such as one or more of (110), 
(200), (211). (Ill), and. (221). Cr grains growing with other orientations will 
tend to grow more slowly and will be overrun by the lower energy orientations. 
This is schematically illustrated in Fig. 2. 

In addition, as the grains with the preferred orientations overrun the grains 
having other orientations, they will tend to impinge against one another, and 
hence confine the Cr grains to grow only in the thickness direction (and not the 
film plane direction). This effectively maintains the small grain diameter up to 
the interface with the Co-alloy grains. This is well illustrated in Fig. 4. Since the 
seed layer 22 provides a very large number of nucleation sites for the Cr grains 
to nucleate and grow, statistically there results a large number Cr grains having a 
preferred orientation. Hence the Cr grains having a preferred orientation grow 
relatively close together. This, combined with the fact that these grains will grow 
at a fairly uniform rate, provides an ideal limitation on the tendency of the Cr 
<»rains to <'row in diameter. This can be seen and verified in layer 24 of Fig. 4. 
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Fig. 4 and 5 are micrographs confirming that the subsequently deposited 
Co-based alloy layer will develop a crystal morphology and orientation more or 
less following that of the Cr intermediate layer on which it is deposited. The 
epitaxial growth of the Co-based alloy on the Cr intermediate layer can be 
confiraied by observing the continuation of the lattice plane orientation of the Cr 
intermediate layer in the magnetic recording layer 16 shown in Fig. 4. 

Fig. 6 is a TEM image of the Co- alloy film taken nonnal to the film plane. 
As shown in Fig. 6, die Co-alloy grains 78 are completely isolated from each 
other and surrounded by the segregant 80 (SiO^). As also shown, the grain size 
of the Co-alloy crystals is quite uniform and less than 100 A, and the mean 
spacins of the insulating segregant is aboui IDA. The good isolation of the 
" magnetic srains and the small grain sizes of the film ensure the minimum 
intrinsic noise of the media (by completely suppressing the magnetic exchange 
interaction and minimizing the grain size induced transition noise). 

Fi2. 7 is a high resolution SEM micrograph image of the fracture cross 
^ 'J 

sectional surface of a multi-layer film disk of 200A CoCr i^Pt + 8% SiO, film 
deposited on a 600A Cr intermediate layer formed over a 150 A NiAl seed layer. 
The uppermost layer is a 100 A carbon overcoat. As demonstrated in the 
micrograph, the fracture surface of this multilayer structure film using the 
proposed structured nucleadon layer shows a well defined column of grains with 
clean cut grain boundaries which stan near the substrate surface and extend to the 
film surface. These results confiim that the grains are well isolated. In 
comparison. Fig. 8 is the SEM image taken on a similarly fracmred surface of a 
multilayer fihn strucmre of 150A NiP + 2%A1,03 underlayer followed by a 
600A Cr layer, which in mm is followed by a 200A CoCr ,,Pt + 8% SiO, film 
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layer and lOOA carbon overcoat. Fig. 8 shows that the columns of grains are 
poorly defined, and have intragrain fracmres within the Cr and Co-alloy layers, 
particularly at or below the middle of the Co-alloy layer, and the fracture of the 
grain is not clean. These results show that the amorphous structure of NiP -f 
2%Al-,03 cannot provide a good nucleation site (or template) for Cr, and results 
in Cr grains growing excessively large. In this later case, the Co grains grown 
on the Cr grains would have small grain angle boundaries, and hence insufficient 
isolation, and would not have a randomly oriented in-plane C-axis (i.e., would 
not have 2-dimensional isotropy) even given the epitaxial growth of those grains. 

We have discovered that a properly selected element or alloy having a 
suitable lattice structure and/or crystal sirucmre, such as Ti. B2 structure (e.g., 
NiAl), Cr-X alloy (where X is a limited solid solubility element, for example Cu 
in an amount marginally above the solid solubility of Cu-Cr), etc. can be used as 
the fine grain seed layer providing the preferred morphology and orientation of 
the crystals in the Cr intermediate layer, which in mm provides morphology and 
orientation for epitaxial growth of ihe Co-alloy, 

According to one aspect of the present invention, the seed layer and 
subsequent layers are deposited at or near ambient temperarure and at a 
relatively high rate. It is conunonly known that a higher substrate temperature 
and a lower deposition rate will result in larger grains. 

As has been stated, it is one goal of the present invention to produce a fine 
grain seed layer. We have found that the selection of material for the seed layer 
plays a large role in achieving this goal. For example, Ti may be preferred 
because it is very reactive to residual oxygen or nitrogen gas in the sputtering 
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atmosphere or in the sputtering target (it is very difficult to produce a high 
purity Ti target), forming an oxide or nitride at the grain boundary to thereby 
produce extremely fine grains. A Cr-alioy with limited solid solubility may also 
be preferred, since the amount of the alloying element beyond solid solubility 
segregates to the grain boundaries and hence facilitates the fine grain formadon. 
In a relatively high deposition rate and low temperature application, B2 phase 
compounds such as NiAl can also form very fine grains due to the nature of the 
• non-stoichiometric composition of the compound and the difficulty of achieving 
an equilibrium phase structure (B2 structure single phase) in such a relatively 
hiah deposition rate, low deposition temperamre system (i.e. insufficient kinetics 
of diffusion to achieve equilibrium in the deposition process). 

The present invendon is a unique magnetic recording medium and method 
of forming same. It relies on a unique nucleation layer structure and selection of 
materieds for said layer, together with a magnetic alloy employing a selected 
sesresant material. A magneuc recording layer is ultimarely provided having 
fine grains (lOOA or less) and large angle grain boundaries to promote 
segregation of the selected segregant to the grain boundaries (to completely 
isolate the magnetic grains), as well as near perfect single crystal grains with in- 
plane C-axes. The method as taught is practical and low cost, in part based on the 
ability to use ambient or near ambient temperature sputtering. Based on the 
description contained herein, it is within the scope of one skilled in the an to 
compile a list of material in addition to those expressly discussed, suitable as a 
seed layer and as an intermediate layer to achieve a magnetic recording layer 
with the desired attributes. However, other deposition processes, such as high 
temperamre sputtering, can also be employed. 
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The magnetic properties and recording performance of several disks 
prepared with various underlayers and nucleation layers according to the present 
invention will next be described. Unless otherwise stated, all disks discussed 
herein were made using a batch vacuum deposition system, model SPC-350, 
manufacture by Anelva Inc., Tokyo, Japan. The system consists of four 
spunering cathodes. A load lock system for input and output of substrates into 
the sputtering chamber is used to minimize the contamination cause by the 
introduction of residual gasses (e.g., water vapor, oxygen, nitrogen, etc.) from 
the ambient atmosphere during transfer of substrates into the sputtering chaimber. 

To minimize the initial residual gasses within the system, particularly water 
vapor, the base pressure of the system was pumped down to below 2 x 10'^ Torr 
before the deposition of the nucleation and magnetic layers (as well as carbon 
overcoat). The four sputtering cathodes are for deposition of the seed, 
nucleation, magnetic, and carbon overcoat layers, consecutively. 

A number of disks were prepared, both without a seed layer, and with 
different seed layer materials: NiAl, Ti, and Cr-Cu. Each seed layer was 
deposited via R.F. diode sputtering. A Cr layer, which in one case was formed 
without an underlying seed layer, and in other cases where it formed an 
intermediate layer fonned on a seed layer, was deposited using R.F. magnetron 
sputtering. The magnetic layer v/as deposited by R,F. diode sputtering. Finally, 
the carbon overcoat was deposited by D.C. magnetron sputtering. ■ 

The sputter deposition of all the layers except carbon occurred at 15 
mTorr argon pressure. The carbon overcoats were deposited at 4 mTorr argon 
pressure. (While these were the deposition techniques and parameters for the 
following experiments, it will be appreciated that other techniques 'and 
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parameters may be employed with similar results. For example, the Cr layer 
referred to herein may be deposited by R.F. diode sputtering, etc.) 

Fig. 9 is a comparison of the product of the magnetic remanence and 
magnetic film thickness (Mrt) versus remnant coercivity (Her) for two different 
recording media: the first having a 150A thick underlayer of amorphous NiP -h 
2% Al-,03 on which a CoCr tjPt ,2 + 8 mol,% SiO, magnetic recording layer is 
formed, the second having a 6OOA thick crystalline Cr underlayer on which the 
same magnetic recording layer is formed. In both cases, a substantially identical 
conventional carbon overcoat was applied over the magnetic recording layer. 

Fig. 9 illustrates that for the amorphous NiP underlayer media, the 
coercivity falls off rapidly as the thickness of the Co film drops, below and Mn 
of about 0.8 memu/cm'. However, for the crystalline Cr underlayer media, the 
coercivity remains relatively flat in the same range, below about 0.8 memu/cm". 
In addition, the remnant coercivity of the Cr underlayer medium is higher than 
that of the NiP underlayer medium for any Mrt in the range of this experiment. 

'* 

These results suggest that when a thick Cr underlayer is used, good epitaxy 
and hence growth of predominantly single crystal grains of Co alloy commence at 
the onset of the Co film's growth. In addition, the orientation of the Co-aUoy 
grains is nearly in plane from the start, as predicted by Hono et. al. and U.S. 
Patent No. 4,652,499. Whereas, when an amorphous NiP underlayer is used, a 
polycrystalline structure grows at the onset of the Co grain growth, and such a 
polycrystaUine structure may continue up to 0.8 memu/cm*. 

Fig. 10 is a plot of Her versus Ma for two media, each prepared with a 

o 

single Cr underlayer. In one case, the Cr underlayer was 200A thick, in the 
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second case the Cr underlayer was 600 A thick. .Aiso shown in Fig. 10 is Her and 
Mrt data for two media employing a 3 00 A and a 100 A crystalline NiAl seed layer 
on which a Cr intermediate layer of 200A and 600 A, respectively, are deposited. 
In all cases, the substrate was highly polished prior to deposition of the 
underlayer (e.g., R3 lOA). The magnetic alloy layer is the same between each 
of the disks (and the same as that used in the experiment of Fig. 9), namely 
CoCr jjPtp + 8 moL% SiO^. In each case, a lOOA thick carbon overcoat was 
applied over the magnetic layer. 

First, Fig. 10 illustrates that a thicker Cr underlayer produces higher 
coercivity for a given Mn as compared to a thinner Cr underlayer. This can be 
seen when comparing the cases of 200A and 600A Cr formed directly on the 
substrate, and when comparing the cases of 200A and 600A of Cr formed on 
NiAl. We hypothesize that better epitaxy is obtained when the Cr layer is 
thicker, e.g., when the Cr grains have a more uniform crystal structure (Cr grain 
size and hence Co-alloy grain size may also be affected). 

Second, Fig. 10 illustrates that the addition of a crystalline NiAl seed layer 
under a Cr intermediate layer increases the Her of the resulting media. For 
example, above approximately 0.3 memu/cm-. Her for the 
NiAl/Cr(200A)/CoCr i^Pt ,2 -h 8 mol.% SiOJC is greater at all Mrts than 
Cr(200A)/CoCr ijPt ,2 + 8 MOL.% SiOVC. This is also true for the medium 
having a 600A thick Cr layer. 

Finally, comparing Figs. 9 and 10. it can be seen that the drop off in Her is 
less dramatic when a Cr layer is employed (Fig. 10) than when no Cr layer is 
employed (Fig. 9). Indeed, Her remains in the practical range of above 1800 Oe, 
even with an N'Irt as low as 0.3 memu/cm". Again, we believe that this is a 
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consequence of xhc magnetic recording layer having good epitaxial growth at the 
onset of deposition and establishment of grains with a well defined single crystal 
with near (or predominantly) in-plane C-axis orientation (as the result of epitaxy 
on Cr provided by the lanice match of Table I). 

Fig. 1 1 is a plot of Her versus seed layer diickness, comparing the results 
for a seed layer of NiAl and a seed layer of Ti. Two different Cr intermediate 
layer thickness (namely 200A and 600A) were used for comparison. The 
magnetic recording layer alloy is identical to that used in the examples of Figs. 9 
and 10, namely CoCr i,Pt + 8 mol.% SiO,, and was approximately 200 A thick. 
The Mrt was maintained at 0.6 memu/cm". 

The data of Fig. 1 1 is consistent with the data of Fig. 10 in that a diicker 
Cr intermediate layer provides a higher Her for given seed layer thickness. 
Furthermore, the curves of Her versus seed layer thickness for Ti and NiAl are 
more or less identical in shape, which indicates that a Ti seed layer, in addition to 
a NiAl seed layer, can provide a good platform for growth of the Cr intermediate 
layer for the ultimate epitaxial growth of the magnetic recording layer. 

Fig- 1 1 also shows that using eidier a NiAl or a Ti seed layer provides 
relatively stable Her across a range of seed layer thicknesses. It will be 
appreciated that current competitive disk drive systems require media coercivities 
at or above 2000 Oe, which is provided at thicknesses of NiAl and Ti seed layers 
up to 600 A tfiick. (It should also be noted that this demonstrates that the 
thickness of the seed layer need only be sufficient to cover the substrate surface, 
for example around 100 A, and from the point of view of the function of the seed 
layer, there is really no technical limitation on growing of a thicker layer. 
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The performance similarities between media having a NiAl seed layer and 
a Ti seed layer (from the epitaxial growth) is also verified by the experimental 
data shown in Fig. 12. For the data of Fig. 12, three different media were 
prepared. First, a 600A thick Cr layer was deposited directly onto a super 
polished substrate, A CoCr j^Pt + 8 MOL.% SiOo magnetic recording layer was 
deposited onto the Cr underlay er, and a 100 A carbon overlayer was deposited 
onto the magnetic recording layer. Second, a 100 A NiAl seed layer was 
deposited onto a super polished substrate. A 6G0A Cr intermediate layer was 
then deposited onto the NiAl seed layer. A CoCr j^Pt 12 + 8 MOL.% SiO^ 
magnetic recording layer was next deposited. And finally a 100 A carbon overcoat 
was deposited onto the magnetic recording layer. Third, a 100 A Ti seed layer 
was substimied for the 100 A NiAl seed layer of the second media. 

Fig. 12 shows that the dependence of Her on Mrt for media using a lOOA 
NiAl seed layer on a 6OOA Cr intermediate layer is nearly identical to that of 
media using a 100 A Ti seed layer on a 600 A Cr intermediate layer. This is made 
clear when one compares these results to the results obtained for media having 
the 6OOA Cr layer formed directly on the substrate, without a seed layer. Fig. 12 
also illustrates that the value of Her for media using a Ti seed layer is about 200 
Oe lower than that of media using a NiAl seed layer for a given MrL However, 
media using either a NiAl seed layer or a Ti seed layer can provide Her over 
2300 Oc with an Mrt as low as 0.3 memu/cm", based on the good epitaxy between 
the Co alloy magnetic recording layer and the Cr intermediate layer. 

In another embodiment, an alloy of Cr and Cu is employed as the seed 
layer. The data of Fig. 13 illustrates two examples of a Cr-Cu alloy, first 5 at.% 
Cu, and second 3 at.% Cu. This film is produced using a specially manufactured 
batch vacuum deposition system consisting of 3 cathodes. The first cathode is for 
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R.F. magnetron sputtering of the seed layer. The second cathode is for R.F. 
magnetron sputtering the intennediate layer. And, the third cathode is for R.F. 
diode sputtering the magnetic layer. Sputtering was conducted at better than 1 x 
10"^ Torr. As previously stated, the amount of the alloying component is selected 
to be just over the maximum solid solubility of that component in Cr. In this 
case, the maximum sohd solubility of Cu in Cr is about 1 at.%, as reported in 
Binary Alloy Phase Diagrams. ASM, 1968, page 819-820. 

For the experiment of Fig. 13, each of the two disks were prepared by first 
depositing a 200A thick layer of the Cr-Cu alloy. A 600A Cr layer was then 
applied. A Co alloy consisting of CoCr^gPt io 4- 5 moL% SiO. was next deposited. 
For comparison, a disk having a 200A NiAl seed layer on which a 600A Cr layer 
was formed was prepared and tested. As shown in Fig, 13. the curve of Her 
versus Mn for the disks having the Cr-Cu seed layer is siniilar in shape to the 
curves for the NiAl seed layer and for the Cr underlayer, even at small Ivlrt. 
This demonstrates that a Cr-Cu alloy having a Cu concentration slightiy higher 
than maximum solid solubility (e.g., - lai.%) can also be used as a seed layer. 

V' 

The good epitaxy between Co alloy and Cr using various seed layers as 
proposed herein can be inferred by comparing the data of Fig. 9 to that of Fig. 
13. However, the desired fine grain-size structure and good isolation between the 
magnetic grains obtained using the various seed layers described herein can only 
be verified by measuring the magnetic periFormance of disks with various seed 
lavers, and comparing the result of magnetic measurements to those of disks 
using a Cr underlay er and disks using a NiP underlay er. The results of these 
magnetic measurements are shown in Table II and Table IE below. 
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Table II shows magnetic recording performance results of four 
different disks prepared using various underlayers as proposed by the 
prior art and by the present invention. The sample preparation and the 
structures and alloys are described as follows: 

Disk No, 1: This disk was prepared by first depositing an 
approximately 80A thick underlaycr of NiP +2 mol.% AUO3 on an NiP plated 
Al substrate.' Next, an approximately 210A thick CoCri,Pt 13 + 6 mol.% SiO, 
magnetic recording layer was deposited onto the NiP layer. An overcoat of 
carbon approximately 100 A thick was then deposited over the magnetic 
recording layer. Deposition for this disk was in an in-line puttering system 
in accordance with the procedures described in U.S. patent application 
serial no. 08/286,653. The average Her was 2309 Oe. 

Disk No. 2: This disk was prepared by first depositing an 
approximately 480A thick Cr underlayer directly onto an NiP plated Al 
substrate. This was followed by depositing an approximately 250A thick 
CoCrpPt,2 + 8 moL% SiO, magnetic recording layer. This was followed by 
deposition of an approximately lOOA thick carbon overcoat. These disks 
are similar to those used by Lee et al. in EP0704839 Al, and were made in 
the aforementioned Anelva sputtering system. The average Her was 2277 
Oe. 

Disk No. 3: This disk was prepared by first depositing an 
approximately 150A thick NiAl seed layer directly onto an NiP plated Al 
substrate. Next, an approximately 200 A thick Cr intermediate layer was 
deposited onto the NiAl seed layer. This was followed by depositing an 
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approximately 250A thick CoCr ,^Pt ,3 -r 8 mo\.% SiOn magnetic recording 
layer. This was followed by deposition of an approximately lOOA thick 
carbon overcoat. This disk represents one embodiment of the present 
invention. All deposition took place in the aforementioned Anelva 
sputtering system. The average Her was 2384 Oe. 

Disk No, 4; This disk was prepared by first depositing an 
approximately 150A NiP + 2 mol.% Al.O^ nnderlayer directly onto an NiP 
plated Al substrate. Next, an approximately 200A thick Cr intermediate 
layer was deposited onto the NiP layer. This was followed by depositing an 
approximately 250A thick CoCr ,2pt i, + 8 moL% SiOn magnetic recording 
layer. This was followed by deposition of an approximately 100 A thick 
carbon overcoat. All deposition took place in the aforementioned Anelva 
sputtering system. The average Her was 2365 Oe. 

Measurements were made using a Guzik model RWA 1632/1701 
Spinstand, manufacmred by Guzik. Santa Clara, California. A 
magnctoresistive (MR) magnedc recording head model Cuda IV XL 
manufactured by Seagate of Scotts Valley, California was used. The disk 
rpm was 7200. and measurements were made at a radius of 0.87 inches. 
Head bias was 12mA 0-to-pcak. and head current was 35mA. The high 
frequency head signal was 51.86 mhz (158.118 kfci), mid frequency was 
25.93 mhz (79.06 kfci). The overwrite frequency was 51.86 mhz (158.118 
kfci)» and the Write Jiiier frequency was 25.93 mhz (79.06 kfci). 

Comparing the values of OW, Write Jitter (WJ), and T^fLD of disk no. I 
to the values for disks nos. 2, 3, and 4 from Table II shows that when a Co 
alloy magnetic recording layer is deposited oh top of a Cr laycfr, higher OW 
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and lower TNLD values are obtained. These results indicate thai the Co 
alloy is epitaxially grown on the Cr surface, and also suggests that the Co 
alloy has its C-axis oriented predominantly in the plane of the disk. 

However, comparing disks nos. 2, 3. and 4 in Table II shows that the 
WJ values of disks nos. 2 and 4 are almost twice that of disk no. 3, which is 
the disk formed by the teachings of the present invention. The high WJ of 
disk No. 2 in which the Cr layer is deposited directly on amorphous NiP 
substrate surface, and disk No. 4 in which the Cr layer is deposited on a 
sputtered amorphous NiP + 2%Aln03 layer* is due to the formation of large 
Cr srains. and as a consequence of the epitaxial growth of the Co on the Cr, 
the Co grains grow larger than those of disk no. 3.. The use of a seed layer 
below the Cr intermediate layer as taught by this invention (e.g.. disk no. 
3) produces fine Cr grain, and hence fine Co alloy grains, which lowers WJ. 
(Further evidence of large Co alloy grain growth in disks nos. 2 and 4 will 
be shown latter.) These results verify diat a disk created using the 
teachings of the present invention is superior to that of prior art in 
obtainins excellent OW and TNLD, and simultaneously low WJ and hence 
low intrinsic media noise. 

In another embodiment of the present invention, disks using various 
thicknesses of a Ti seed layer and Cr intermediate layer were prepared. 
The magnetic properties of these disks were compared to the properties of 
a disk prepared using a NiAl seed layer in Table III. 



49 



( 82 ) 



!t$PB¥l 0-30224 2 




5C 



( 83 ) ^m^l 0-302242 

Disk No. 5: This disk was prepared by first depositing an 
approximately lOOA thick Ti seed layer on an NiP placed Al substrate. 
Next, an approximately 600A thick Cr intermediate layer was deposited 
onto the Ti seed layer. This was followed by depositing an approximately 
200A thick CoCr i^Pt ^ + 8 moL% SiOn magnetic recording layer. This was 
' followed by deposition of an approximately 1 00 A thick carbon overcoat. 
All deposition took place in the aforementioned Anelva sputtering system. 
The average Her was 219.8 Oe, and the Mrt was 0.85 memu/cm-. 

Disk No. 6: This disk was prepared by first depositing an 
approximately 300A thick Ti seed layer on an NiP plated Al substrate. 
Next, an approximately 400A thick Cr intermediate layer was deposited 
onto the Ti seed layer. This was followed by depositing an approximately 
200 A thick CoCr ,,Pt + 8 mol.% SiO, magnetic recording layer. This was 
followed by deposition of an approximately 100 A thick carbon overcoat. 
All deposition took place in the aforementioned Anelva sputtering system. 
The average Her was 2181 Oe, and the Mrt was 0.96 memu/cm-. 

■< 

Disk No. 7: This disk was prepared by first depositing an 
approximately 150A thick NiAl seed layer on an NiP plated Al substrate. 
Next, an approximately 400A thick Cr intermediate layer was deposited 
onto the NiAl seed layer. This was followed by depositing an 
approximately 200A thick CoCr jjPt j, + 8 mol.% SiO, magnetic recording 
layer. This was followed by deposition of an approximately lOOA thick 
carbon overcoat. All deposition took place in the aforementioned Anelva 
sputtering system. The average Her was 2383 Oe. and the Mrt was 0.81 
memu/cm". 
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Measurements were made using a Guzik RWA 1632/1701 spinstand, 
manufactured by Guzilc, Santa Clara, California. A magnetoresistive (MR) 
magnetic recording head manufactured by Toshiba, Japan, model MR2 was 
used. The disk rpm was 4200, and measurements were made at a radius 
of 0.862 inches. Head bias was 10 mA 0-to-pcak, and head current was 30 
' mA. The high frequency head signal was 30.58 mhz (181 kfci), mid 
frequency was 15.29 mhz (79.06 kfci), and the low frequency was 5.10 
mhz (27 kfci). The Write Jiiter and OW frequency was 15.29 mhz (79.06 
KFCI)- 

The recording performance parameters for the disks shown in Table 
ni illustrate that using a Ti seed layer provides. TNLD, OW, and Write Jitter 
nearly identical to that of a NiAl seed layer for about the same Mrt (i.e., 
about the same low frequency amplitude) and slightly lower He (about 200 
Oe less). This indicates that a Ti seed layer can serve equally effectively as 
a NiAl seed layer. 

Figs. 14a, 14b, 15a, 15b, 16a, and 16b show TEM cross sections, 
under identical magnification, of disks 2, 3, and 4 of Table IJ, respectively. 
Fig. 14a, (bright field image) and Fig. 14b (dark field image) of disk no. 2 
and Fig. 16a, (bright field image) and Fig. 16b (dark field image) of disk no. 
4 show that the Cr grains formed in these disks are exceedingly large, and 
consequently the cpitaxially grown Co alloy grains are as large as the Cr 
underlayer grains. Whereas in Fig. 15a, (bright field image) and 15b (dark 
field image) of disk no. 3 one can see that comparatively much smaller 
grains are produced for both the Cr intermediate layer and the epiiaxially 
grown Co alloy layer. The plan view of Fig. 6, representative Of disk no. 3, 
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shows a grain diameter of less than lOOA (and well isolated grains), and 
confirms the fine grain structure shown in Figs. I5a and 15b. 

The micrographs of Figs. 1 4a .through 16b confirm our hypothesis 
that a nucleation layer comprising an extremely fine grained seed layer 
can form the basis for producing an extremely fine grained epitaxially 
grown Co alloy film. With reference to Fig. 15b, the dark field image shows 
that there is good grain to grain epitaxy between the grains of the Cr 
intermediate layer 24 and the grains of the CoPt magnetic alloy layer 16 
(e.g., the uniform lighter color of the columns indicates a close match of 
crystallographic planes between the layers). The cross section of Fig. 4. 
representative of disk no. 3, shows the good epitaxy under higher 
magnification TEM. 

Furthermore, the ability of a fine grained seed layer to provide the 
large grain angle boundaries for grain isolation is evidenced by the change 
in contrast intensity of dark field image between grains, for example as 
shown in Fig. 15b. These large grain angle boundaries allow segregant to 
diffuse to the grain boundaries to isolate the grains and hence produce 
extremely low intrinsic media noise as well as high OW and low TNLD. 

It should be noted that the presence of SiOo in the admixed form of 
the magnetic alloy as per the Japanese Patent Application 5-197944 
(Shimizu et al.) is not a sufficient condition to ensure the lowest write jitter 
noise. In fact, the published work by Shimizu et al. entitled '*CoPtCr 
Composite Magnetic Thin Films*' shows TEM micrographs of unmixed 
CoPt.i8Cr.i2 and composite CoPt.i8Cr,i2 + Si02 films. This reference 
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States that "the grain boundaries are not clear in either film, indicating a 
very fine structure. Energy-dispersive x-ray analysis (EDX) revealed that 
Si atoms are uniformly disrribmed all over the composite films without 
showing any noticeable segregations at grain boundary." 

We believe that the reduction in media noise in Shimizu et al/s 
CoCrPt + Si02 admixture arises primarily from the reduction in grain size, 
i.e., a reduction in grain noise. However, a reduction in grain size alone 
does not result in a reduction of noise caused by exchange coupling, which 
is the more dominant contributor to media noise. This shows that per the 
approach taught by Shiraizu el al. (i.e., without a structured nucleation 
layer) one cannot achieve complete isolation between (i.e., complete 
exchange decoupling of) the magnetic grains. As stated earlier, the 
intergranular. exchange induced noise has to be completely eliminated to 
obtain the lowest possible noise. As we have found, this can only happen 
if a proper structured nucleation layer (such as the seed layer plus 
intermediate layer discussed above, or the NiP + AKO3 nucleation layer 
discussed in our pending application serial no. 08/286.653) is used to 
facilitate the segregation of the insulating segregant. 

The extremely low intrinsic media noise as provided by the teachings 
of the present invention is highlighted by comparing the normalized 
integrated media noise power (MNP) of disks no, 1, no. 2, and no. 3. The 
integrated noise powers were normalized to the value of Mrt (or low 
frequency amplitude) for each disk to provide a meaningful comparison of 
the data. Fig. 14 shows the MNP data of disks no. L 2, and 3 as a function 
of linear recording density (kfci). As shown, the MNP of disk no. 3 (that 
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according to the present invention) is about one-half that of disk no. 1 
(which uses a Cr underlayer only). 

Furthermore, Fig. 17 illustrates that the MNP obtained according to 
the present invention is well below that of the prior art. For example, Lee 
ct al. in Fig. 15 of their EPO application EP 0704839 Al show a relatively 
small difference in MNP, less than 10% improvement at 107 kfci. between 
their media having a NiAl underlayer and media having only a Cr 
underlayer, and in Fig. 16 of their patent application show about a 20% 
improvement at 107 kfci. This should be compared with a the difference 
in MNP of over about 54% at 107 kfci seen in Fig. 17 hereof between media 
with a structured nucleation layer (seed layer/Cr intermediate layer) as 
taught by the present invention and media having only a Cr underlayer. 
This difference is equal to over a 110% improvement in noise performance 
of the structured nucleation layer (seed layer/Cr intermediate layer 
structure) of the present invention over structures not employing such a 
structure. 

* 

Fig. 18 shows the non-linear distortion (%) of the media of Table II as 
function of linear recording density. As shown, the TNLD of disk no. 3 
according to the present invention is virtually as low as that of disk no. 2 
which uses only a Cr underlayer (e.g., having large Co grains) for each kfci. 
Whereas disk no. 1 shows a higher NLD than that of the present invention 
in the range of frequencies measured, particularly above 100 kfci. 
Therefore, it is clear from Fig. 15 that media using a structured nucleation 
layer according to the present invention provides superior TNLD as 
compared, for example, to amorphous sputtered NiP of the prior art. 
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In summary, the above experimental evidence shows that media 
produced using che present invention provides superior media noise, OW, 
and TNLD as compared with the prior an. Also, this work demonstrates 
that our invention is quite different from the prior art such as Lee et. al, 
and Shimizu et al. based on the results of our media noise power 
measurements and the data for Ti and Cr-Cu seed layers. 

A magnetic recording medium in accordance with the present 
invention is typically used in a disk drive 100 shown in Fig. 19, in which 
disk 10 is mounted on a rotor shaft 102 which, in turn, is rotated by a 
motor 104. A pair of read-write heads 106a, 106b are mounted on the 
end of associated arms 108a, 108b. Heads 106a, 106b can be ferrite heads, 
thin film heads, magneto-resistive heads, or other types of read-write 
heads. Heads 106a, 106b "fly" in proximity to disk 10, where they can 
write data to and read data from the magnetic film on sides 1 10a, 110b of 
disk 10, respectively. 

Arms 108a, lOSb can be moved inward or outward (directions 112 
and 114, respectively) to permit heads 106a, I06b co access data tracks at 
different locations of the disk. Motion of arms 108a. 108b are controlled 
by a servo motor (not shown). Examples of disk drives are disclosed in U.S. 
Patents 4,949,202 (Kim); 5,025.335 (Stefansky); 5,027.241 (Hatch); and 
5,025,336 (Morehouse), each of which is incorporated herein by reference. 
Magnetic recording niedia in accordance with this invention can be 
incorporated in other types of disk drives as well. 

While the invention has been described above with respect to the 
specific embodiments, those skilled in the art will appreciate that 
modifications may be made without departing from the spirit and scope of 
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the invention. For example, the present invention has been described in 
terms of a media having a single magnetic recording layer. However, in 
certain applications of the present invention multiple magnetic recording 
layers may be employed, etc. Therefore, the above specific descriptions 
are presented as examples of embodiments of the present invention, and 
are not to be read as limiting the scope of the present invention. 
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What is claimed is: 

1. A magnetic recording medium, comprising: 

a non-magnetic substrate having a primary plane; 
a structured nucleatioa layer, comprising, 

a seed layer of fine crystal grains, having random lattice plane 
orientations, formed directly on said non-magnetic substrate; 

an intermediate layer of crystal grains, formed on said seed 
layer grains, of sufficient thickness to allow an uppermost surface 
thereof to present primarily preferred lattice planes; 
a recording layer, generally epitaxially formed on said primarily 
preferred lattice planes, comprising a Co-based hep alloy and at least one 
segregant material selected from the group comprising of oxides and 
nitrides having a bond strength of greater than 90 Kcal/moL, such that said 
Co-based alloy predominantly forms single crystallite magnetic grains of 
uniform size, said single crystallite magnetic grains having grain 
boundaries, said segregant material being disposed primarily at said grain 
boundaries, said single crystallite magnetic grains having their C-axes 
oriented predominantly parallel to. and randomly oriented in, the primary 
plane of said substrate. 
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2. The medium of claim 1. wherein said recording layer grains have a 
lattice mismatch to said intermediate layer grains of no more than 10%. 

3, The medium of claim 1, wherein said intermediate layer is at least 
80A thick. 



4. The medium of claim 1, wherein said seed layer grains are of mean 
diameter of 50A or less, and said intermediate layer grains are of mean 
diameter of lOOA or less. 

5. The medium of claim I, wherein said intermediate layer comprises 
Cr. 

6. The medium of claim 5, wherein said intermediate layer comprises 
an alloy including Cr. 

7. The medium of claim 1. wherein said seed layer comprises metallic 
elements producing grains smaller than 50A in diameter providing 
nucleation sites at which said intermediate layer grains form. 
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8. The medium of claim 1, wherein said seed layer comprises Ti. 



9. The medium of claim 1, wherein said seed layer comprises 
predominantly B2 phase material. 

10. The medium of claim 9, wherein said B2 phase material is structured 
NiAl. 

11. The medium of claim 1, wherein said seed layer comprises an alloy 
of Cr and at least one other clement, said at least one other element being 
present in an. amount up to but not exceeding 10 at.% over the maximum 
solid solubility limit of said at least one other element in Cr. 

12. The magnetic recording medium of claim 1, wherein said single 
crystallite magnetic grains are of a mean diameter of approximately lOOA 
or less. 

13. The magnetic recording medium of claim 12, wherein said single 
crystallite magnetic grains are spaced apart by between 5A and 50A. 

14. The magnetic recording medium of claim 12, wherein said single 
crystallite magnetic grains are spaced apart by a mean distance of lOA. 
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15. The magnetic recording medium of claim 13, wherein a layer of 
searegant material having a thickness of at least lOA is disposed between 
pairs of adjacent single crystallite magnetic grains. 

16. The magnetic recording medium of claim 1, wherein the medium 
includes only a single magnetic recording layer. 

17. The magnetic recording medium of claim 1, wherein the segregant 
material is selected from the group comprising oxides and nitrides of Al, 
As, Co, Cr, Dy. Gd, Ln, Lu, Ni, Os, Pm, Ru, Re, Sc, Se, Si, Sm, Sn, Ta, Tb, Th, Ti. 
Tm, U. V, W, Y, and Zr having a bond strength of greater than 90 Kcal/mol. 

18. In a magnetic recording medium wherein a magnetic recording layer 
comprising substantially a Co alloy is formed above a planar npn-magnetic 
substrate, a structure having improved non-linear transition shift, write 
jitter, and over write performance, comprising: 

a seed layer of fine crystal grains, having random lattice plane 
orientations, formed directly on said non-magnetic substrate; 

an intermediate layer comprising at least in part Cr grains, formed on 
said seed layer grains, of sufficient thickness to allow an uppermost 
surface thereof to present primarily preferred lattice planes; and 
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at least one segregant material selected from the group comprising 
oxides and nitrides having a bond strength of greater than 90 Kcal/moL, 
deposited together with, said Co alloy; 

whereby said magnetic recording layer forms generally epitaxially 
on said primarily preferred lattice planes, said Co-based alloy 
predominantly forms single crystallite magnetic grains of uniform size, 
said single crystallite magnetic grains having grain boundaries, said 
segregant material being disposed primarily at said grain boundaries, said 
single crystallite magnetic grains having their C-axes oriented 
predominantly parallel to, and randomly oriented in, the primary plane of 
said substrate. 

19. A structured nucleation layer, formed above a planar non-magnetic 
substrate, and having formed thereon a substantially Co-alloy magnetic 
recording layer containing at least one segregant material selected from 
the group comprising oxides and nitrides having a bond strength of greater 
than 90 Kcal/moL, for providing said magnetic recording layer with 
improved non-linear transition shift, write jitter, and over write 
performance, comprising: 

a seed layer of fine crystal grains, having random lattice plane 
orientations, formed directly on said non-magnetic substrate; and 
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an intermediate layer comprising at least in part Cr grains, formed on 
said seed layer grains, of sufficient dhickness to allow an uppermost 
surface thereof to present primarily preferred lattice planes; 

whereby said magnetic recording layer forms generally epitaxially 
on said primarily preferred lattice planes, said Co-based alloy 
predominantly forms single crystallite magnetic grains of uniform size, 
* said single crystallite magnetic grains having grain boundaries, said 

segregant material being disposed primarily at said grain boundaries, said 
sinsle crystallite magnetic grains having their C-axes oriented 
predominantly parallel to, and randomly oriented in, the primary plane of 
said substrate. 

20. A disk drive containing a magnetic recording medium according to 
claim L 

21. In a method of forming a magnetic recording medium wherein a 
magnetic recording layer comprising substantially a Co alloy is formed 
above a planar non-magnetic substrate, a method of improving non-linear 
transition shift, write jitter, and over write performance, comprising: 

vacuum depositing a seed layer of fine crystal grains, having random 
lattice plane orientations, directly on said non-magnetic substrate; 
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vacuum depositing an iniermediate layer of crystal grains on said 
seed layer grains, of sufficient thickness to allow an uppermost surface 
thereof to present primarily preferred lattice planes; and 

vacuum depositing together wich said Co alloy at least one segregant 
material selected from the group comprising oxides and nitrides having a 
bond strength of greater than 90 Kcal/moL; 

whereby said magnetic recording layer forms generally epitaxially 
on said primarily preferred lattice planes, said Co-based alloy 
predominantly forms single crystallite magnetic grains of uniform size, 
said single crystallite magnetic grains having grain boundaries, said 
segregant material migrating primarily to said grain boundaries, and said 
Co-based alloy having a C-axis forming predominantly parallel to the 
primary plane of said substrate. 
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Magnetic Alloy Having a Structured Nucleation Layer and Method for 

Manufacnirin^ Same 



ABSTRACT 

A magnecic recording medium is provided with a structured 
nucleation layer. The structured nucleation layer comprises a fine-grained 
seed layer and an intermediate layer. The seed layer (e.g.. NiAl. Ti. Cr-Cu, 
etc.) serves as a template for fine grained- growth of the intermediate 
layer. The intermediate (e.g., Cr, etc.) layer has preferred crystal textures 
and an appropriate lattice match to a subsequently deposited magnetic 
recording layer to allow epitaxial growth of the magnetic recording layer. 
The intermediate layer provides morphology and orientation to the 
magnetic recording layer. The magnetic recording layer (e.g., Co-alloy) 
includes a material which segregates to the alloy grain boundaries to 
isolate the grains thereof. Each grain of the magnetic recording layer is 
predominantly a single crystal of small size and uniformly spaced from 
adjacent grains. The easy axis of the magnetic recording material is 
predominantly in the plane of the disk, with a random in-plane 
orientation, Superior magnetic properties are obtained. 



